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PREFACE 


A number of engineering colleges are now offering undergradu- 
ate courses in plain concrete and it is primarily to meet the needs 
of these classes that this volume has been prepared. Practising 
engineers should also find it of value in the preparation of specifi- 
cations, in the supervision of construction work and in the testing 
of concrete and concrete materials. 

The requirements of a college course in plain concrete call for 
a combination textbook and laboratory manual. This book 
being prepared for such use contains first material discussing the 
fundamental problems of concrete production and then instruc- 
tions for the performance of laboratory tests. 

In the text portion concrete materials are considered first. 
Methods of production are discussed briefly with special empha- 
sis on items which affect the quality of the concrete in which they 
may be used. Purposes and values of the various tests are 
treated and specifications of the American Society for Testing 
Materials quoted wherever available. Following the discussion 
on materials the problems of proportioning, making, placing, 
finishing and curing of concrete are considered. Other subjects 
covered are: field control methods, high-early-strength concrete, 
workability, waterproofing, estimating quantities of materials, 
specifications for concrete construction, sampling and testing. 

In the laboratory portion, instructions are given for the per- 
formance of all the usual tests on cement and aggregates, and for 
a number of research problems on concrete suitable for class use. 
Methods of testing prescribed by the American Society for 
Testing Materials are followed wherever available. - The author 
has rearranged the instructions in such a way that the student 
can follow the operations in consecutive order, thus greatly facili- 
tating the work in the laboratory. Forms are also given for the 


recording of laboratory data. 
5 Vv 
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PLAIN CONCRETE 


CHAPTER 1 
INTRODUCTION 


Concrete is a mixture of a cementing material and a mineral 
aggregate. Cementing materials may be divided into two 
general classifications, bituminous and non-bituminous. 
Asphalts and tars compose the group of bituminous cements and 
portland cement, aluminate cement and natural cement make up 
- the non-bituminous group. The mineral aggregate may be 
either crushed rock, gravel, slag, cinders or burned shale. 

Due to the wide use of portland cement as the cementing 
material, the word concrete usually means portland cement 
concrete. When the meaning is not clear, the kind of cementing 
material used should be designated, as portland cement concrete 
or asphaltic cement concrete. Occasionally it is desired to 
designate the kind of aggregate used and then the words indi- 
cating the kind of cement are omitted. Crushed stone concrete 
or slag concrete are examples. The type of aggregate is usually 
designated only when slag, cinders or burned shale are used. 

This book deals largely with portland cement concrete since 
portland cement is the non-bituminous cementing material most 
used. Natural cements are still produced but are not used 
extensively in concrete. Aluminate cement has been available 
on the American market since 1925, but the production has not 
been large as compared with that of portland cement. 
Aluminate cement concrete gains strength much more rapidly 
than does portland cement concrete, but the selling price of 
aluminate cement is higher, being about three to four times that 
of portland cement. Some discussion of aluminate cement and 
aluminate cement concrete is given in Chaps. 3 and 11. 


History OF CEMENT 
The use of cementing materials dates back several thousand 
years. The early Romans and Egyptians used a variety of 
1 
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mortars and mortar-making materials.!_ Remains of some early 
structures indicate the quality of the mortar used was good. 
No evidence is available, however, as to its composition or to the 
method of manufacture. 

Natural Cement.—Natural cement is made by burning at a 
temperature between 1000 and 1300°C. a limestone containing a 
certain amount of shale or clay. The limes and cements used 
previous to the building of the Eddystone Lighthouse in 1756 by 
John Smeaton, a noted British engineer, were not capable of 


Fig. 1.—Reinforced-concrete replica at Nashville, Tennessee, of the Athenian 
Parthenon, 


setting under water.2, Smeaton developed a cement which would 
set under water and, at the same time, contributed a valuable 
idea that the hydraulic properties of a limestone depended upon 
the percentage of clay in its chemical composition, and not upon 
its color and texture, as had been formerly supposed. 

About 1791, Joseph Parker took out a patent for the produc- 
tion of a cement which he called Parker’s cement. This later 
on became known as Roman cement. Parker had found certain 
rock deposits containing the proper elements necessary for the 
manufacture of an hydraulic cement. | 


1Lustey, “History of the Portland Cement Industry in the United 
States,” p. 1. ‘ 


*Lestey, “History of the Portland Cement Industry in the United 
States,” p. 12; Davis, ‘A Hundred Years of Portland Cement,” pp. 13-24. 
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M. Vicat, the noted French engineer, introduced in 1818 an 
hydraulic lime, which, he said, was composed of ground chalk 
mixed with the proper proportion of clay. A plant was estab- 
lished outside of Paris, but was not successful. Vicat was the 
first to experiment with the possibility of combining the raw 
materials in the production of cement. All cement produced 
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Fig. 2.—Reinforced-concrete skeleton for an office building. 


prior to this time was made from a limestone containing sufficient 
clay. 

The development of water transportation in the United States 
created a demand for cement and the natural result was the 
development of the industry in this country. The Erie canal 
was started in 1817 and the following year saw the beginning of 
the cement industry in the United States. Table 1 indicates 
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TABLE 1.—D1scovERY AND Harty Uses oF NATURAL CEMENT IN THE 


Unitep States! 
Not to. ei Se ee 


Year Locality Construction 
Ort sates 5 Ele iy Ss Fe SE A ee ee 
1818 Fayetteville, N. Y. Erie Canal 
1824 Williamsville, N. Y. Erie Canal 
1826 Kensington, Conn. Miscellaneous 
1828 Rosendale, N. Y. Delaware and Hudson Canal 
1829 | Louisville, Ky. Louisville and Portland Canal 
1831 Williamsport, Pa. Muncy and Lock Haven Canal 
1836 Cumberland, Md. Miscellaneous 
1837. | Round Top, Md. Cheasapeake and Ohio Canal 
1838 | Utica, Ill. Illinois and Michigan Canal 
1839 | Akron, N. Y. Miscellaneous 
1848 Balcony Falls, Va. Miscellaneous 
1850 | Siegfried’s Bridge, Pa. Easton and Mauch Chunk 
Canal 
1850 | Cement, Ga. Miscellaneous 
1863 | Vallejo, Calif. Miscellaneous 
1867 | Fort Scott, Kan. Miscellaneous 
1869 | La Salle, Ill. Miscellaneous 
1869 | Howe’s Cave, N. Y. Miscellaneous 
1874 Buffalo, N. Y. Miscellaneous 
1875 Milwaukee, Wis. Miscellaneous 
1881 Canon City, Colo. Miscellaneous 
1893 Mankato, Minn. Miscellaneous 


1Lesuey, “ History of the Portland Cement Industry in the United States,”’ p. 32. 


that much of the early natural cement was produced for the con- 
struction of canals. 

Portland Cement.—To Joseph Aspdin, a bricklayer of Leeds, 
England, goes the credit for first producing portland cement. 
In 1824, he was granted a patent for his ‘“‘improvements in the 
modes of producing an artificial stone.’’ Aspdin called his new 
product portland cement because it resembled in color building 
stone found on the Isle of Portland. The original patent is 
very interesting and is quoted in full.! 


A. D. 1824 No. 5,022 
ARTIFICIAL STONE 
Aspdin’s Specifications 


TO ALL TO WHOM THESE PRESENTS SHALL COMB, I, Joseph Aspdin, of Leeds, 
in the County of York, Bricklayer, send greeting. Whereas His Present most 


1 Davis, “A Hundred Years of Portland Cement,” pp. 33-37. 
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Excellent Majesty King George the Fourth, by His Letters Patent under the 
Great Seal of Great Britain, bearing date at Westminster, the Twenty- 
first day of October in the fifth year of His reign, did, for Himself, His heirs 
and successors, give and grant unto me, the said Joseph Aspdin, His special 
licence, that I, the said Joseph Aspdin, my exors., admors., and assigns, 
or such others as I, the said Joseph Aspdin, my exors., admors., and assigns. 
should at any time agree with, and no others, from time to time and at 
all times during the term of years therein expressed, should and lawfully 
might make, use, exercise, and vend, within England, Wales, and the Town 
of Berwick-upon-Tweed, my Invention of ‘“‘AN IMPROVEMENT IN THE MoDES 
oF PRODUCING AN ARTIFICIAL STONE”: in which said Letters Patent there is 
contained a proviso obliging me, the said Joseph Aspdin, by an instrument 
in writing under my hand and seal, particularly to describe and ascertain the 
nature of my said invention, and in what manner the same is to be performed, 
and to cause the same to be inrolled in His Majesty’s High Court of Chan- 
cery, within two calendar months next and immediately after the date 
of the said in part recited Letters Patent (as in and by the same), reference 
being thereunto had, will more fully and at large appear. 

Now KNow ye, that in the compliance of the said proviso, I, the said 
Joseph Aspdin, do hereby declare the nature of the said Invention, and the 
manner in which the same is to be performed, are particularly described and 
ascertained in the following description thereof (that is to say): 


ASPDIN’S IMPROVEMENTS IN THE MopEs or PRopUCING AN ARTIFICIAL 
STONE 


My method of making a cement or artificial stone for stuccoing buildings, 
waterworks, cisterns, or any other purpose to which it may be applicable 
(and which I call Portland cement) is as follows: I take a specific quantity 
of limestone, such as that generally used for making or repairing roads, and 
I take it from the roads after it is reduced to a puddle, or powder; but if I 
cannot procure a sufficient quantity of the above from the roads, I obtain 
the limestone itself, and I cause the puddle or powder, or the limestone as 
the case may be to be calcined. I then take a specific quantity of argilla- 
ceous earth or clay, and mix them with water to a state approaching impalpa- 
bility, either by manual labour or machinery. After this proceeding I put 
the above mixture into a slip pan for evaporation, either by the heat of 
the sun or by submitting it to the action of fire or steam conveyed in 
flues or pipes under or near the pan until the water is entirely evaporated. 
Then I break the said mixture into suitable lumps, and calcine them in a 
furnace similar to a lime kiln till the carbonic acid is entirely expelled. 
The mixture so calcined is to be ground, beat, or rolled to a fine powder, and 
is then in a fit state for making cement or artificial stone. This powder is 
to be mixed with a sufficient quantity of water to bring it into the con- 
sistency of mortar, and thus applied to the purposes wanted. 

In witness whereof, I, the said Joseph Aspdin, have hereunto set my hand 
and seal, this Fifteenth day of December, in the year of Our Lord One 


Thousand eight hundred and twenty-four. 
Joseph (L. 8.) Aspdin 
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AND BE IT REMEMBERED, that on the Fifteenth day of December, in the 
year of Our Lord 1824, the aforesaid Joseph Aspdin came before our said 
Lord the King in His Chancery, and acknowledged the Specification aforesaid, 
and all and everything therein contained and specified, in form above 
written. And also the Specification aforesaid was stamped according to the 
tenor of the Statute made for that purpose. 

Inrolled the Eighteenth day of December, in the year of our Lord One 
thousand eight hundred and twenty-four. 

Aspdin’s cement was, of course, not exactly as we have it 
today. Aspdin was not trained in chemistry and therefore 
could not proceed to develop his new discovery on a scientific 
basis. The major difference between Aspdin’s cement and our 
portlands is in the burning. Aspdin calcined his raw material 
only until the carbonic acid was entirely removed. Today 
the raw materials are heated to incipient fusion. 

I. C. Johnson, an English cement manufacturer, claims to be 
the real inventor of portland cement. Johnson was in charge of 
the works of J. B. White and Sons, and, in suth capacity had the 
opportunity to experiment. On one occasion the raw materials 
were accidentally heated to semi-vitrifaction. Johnson decided 
to see what would happen if he pulverized this material. When 
made into a paste this material became very hard and had the 
color of the Portland stone. The set cement fell to pieces, 
however, when it was immersed in water. He said: “‘I was so 
ashamed at this signal failure that I had the product of the kiln 
hidden away in an isolated cellar or vault at the outskirts of the 
works near the river out of sight.”’ Johnson, however, out of 
curiosity came back to the cellar in a few weeks and found that 
the damp atmosphere had acted upon the free lime present and 
had slaked it. Johnson then tried this material again and found 
that it hardened and did not disintegrate when immersed in 
water. Shortly following this experiment, in 1845, Johnson’s 
company began the production of portland cement essentially 
as we have it today. 

Introduction into the United States——Portland cement was 
imported into this country first in 1865. European cement had 
acquired such a reputation for quality that it was difficult for 
American manufacturers to sell their product. 

David O. Saylor, of Allentown, Pa., is generally given credit for 
being the first manufacturer of portland cement in this country.! 


‘Lustey, ‘History of the Portland Cement Industry in the United 
States,” p. 50. 
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He was granted a patent in 1871. The Coplay Cement Com- 
pany, of which Saylor was the first president, shipped their first 
cement in 1874. Thomas Millen, of South Bend, Ind., and John 


i i i is pi i ke for fuel. 
Fie. 3.—An old-time vertical kiln. This pioneer kiln used co 
The charge was arranged in alternate layers of coke and powdered rock made 


into bricks. 


K. Shinn, of Wampun, Pa., were other pioneer manufacturers 
who produced their first cements about the time that Saylor 


produced his. 
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The quantity of cement produced each year has gradually 
increased until in 1927 over 173,000,000 bbl. were made. 
It is interesting to note that up until 1900, approximately the 
time of the adoption of a set of standard specifications, the 
amount of cement produced each year had not increased very 
rapidly. With the adoption and use of a standard specification 
the manufacturers were able to concentrate their efforts on 
quantity production and from 1900 to 1927 the production 
increased from 8,000,000 to 173,000,000 bbl. 

About 1922 there was a shortage of cement. In the next 
few years a number of new plants were built and some of the old 
ones enlarged, so that the capacity of the mills in 1927 was about 
200,000,000 bbl. 


Fie. 4.—Lorado Taft’s Fountain of Time at Chicago, Il., was made with concrete. 


Developments in the Manufacture-—The manufacturers of 
portland cement have ever been on the alert for the discovery of 
new methods to use in the production of their product. Their 
efforts have been for the most part to produce cement in greater 
quantities, resulting in lowered costs of production and lowered 
selling prices. Reduction in selling price has resulted in an 
increased volume of business. The quality of the cement 
was largely fixed by the user in his specifications. 

Probably the most noteworthy development has been made in 
the burning process. The first cements were burned in inter- 
mittent vertical kilns. The development of a horizontal rotary 
kiln which could be operated continuously, meant much to the 
cement industry. The first British patent was issued to Thomas 
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Russell Crampton.1 The first rotary kiln in this country was 
erected in 1896 at Roundout, N. Y., by Jose F. de Navarro and 
his two sons.? It was 24 ft. long and 12 ft. in diameter. In 
1909, Thomas A. Edison was granted a patent for the use of 
kilns exceeding 150 ft. in length. Today kilns vary in length 
from 150 to 343 ft. Inside diameters vary from 8 to 13 ft. 

Particular attention is being paid now (1928) to the securing 
of more uniformity in the mixtures of raw materials which are 
prepared for burning in the kilns. Some manufacturers are 
mixing water with the limestone and shale to form a slurry, 
while others are securing the desired uniformity by means of 
blending bins where the dry materials are mixed or blended to 
the proper proportions of each. The former method is known as 
the wet process and the latter as the dry process. Most of the 
new plants being built now are for the wet process. The Olympic 
Portland Cement Company, Ltd., at Bellingham, Wash., was 
the first company to produce, in 1915, portland cement from 
hard raw materials by the wet process, 


Uses oF CEMENT AND CONCRETE 


During the period since about 1900 the consumption of port- 
land cement has been increasing (see Table 2 and Fig. 5) at the 
rate of about 10,000,000 bbl. a year up to and including 1927. 
This rapid increase has been brought about in part by finding new 
uses for cement and concrete. In 1902, the cement manufac- 
turers formed an organization known as the Portland Cement 
Association, the purpose of which has been ‘‘to extend and 
improve the uses of portland cement,” and to this association 
must go much of the credit for the development which has taken 
place. The public, too, has taken a natural liking to portland 
cement concrete and this has contributed much to increase the 
use of concrete. The public in its eagerness to find new uses for 
concrete has sometimes misused it. A few of the more important 


1 Davis, ‘‘A Hundred Years of Portland Cement,” p. 163. 

2Lestey, ‘History of the Portland Cement Industry in the United 
States,” p. 109. 

3Lustey, “History of the Portland Cement Industry in the United 
States,” p. 123. 

4Roserts, ‘The Pioneer Wet Process Cement Plant on the North 
American Continent,’ Pit and Quarry, p. 39 ff., Oct. 15, 1925. 
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TaBLE 2.—CEMENTS PRODUCED AND IMPORTED INTO THE UNITED STATES 


AND AVERAGE Factory Price ror YEARS 1890 To 1927} 
SE ee Eee 


ed cement Portland cement | Average factory ae Compete 

produced in noes including 

Year F imported, price, per barrel 
United States, ee os balk Puzzolan, 

barrels barrels 
1890 335,500 1,940,186 2.09 7,441,116 
1891 454,813 2,988,313 2.13 7,767,979 
1892 547,440 2,440,654 2.1 8,211,181 
1893 590 , 652 2,674,149 1.96 7,411,815 
1894 798,757 2,638,107 ile 7,563,488 
1895 990 , 324 2,997,395 1.60 7,741,077 
a 1896 1,543 ,023 2,989,597 1257 7,982,715 
1897 Pyar fav (es 2,090, 924 1.61 8,360,017 
1898 3,692,284 1,152,861 1.62 8,651,924 
1899 5,652 , 266 2,108,388 1.43 10,203,179 
1900 8,482,020 2,386, 683 1.09 8,749,130 
1901 12,711,225, 9 39,330 0.99 7,357,512 
1902 17 , 230 , 644 1,963 ,023 1.21 8,522,860 
1903 22,342,973 2,251,969 1.24 7,556, 167 
1904 26,505,881 968 , 409 0.88 5,169,376 
1905 35, 246,812 896 , 845 0.94 4,855,496 
1906 46 ,463 ,424 2,273,493 1.138 4,537,021 
1907 48,785,390 2,033, 438 ply | 3,444,952 
1908 61,072,612 842,121 0.85 1,838,313 
1909 64,991,431 433 , 888 0.813 1,698 , 284 
1910 76,549,951 306 , 863 0.891 1,235,190 
1911 78,528 , 637 164,670 0.844 1,019,321 
1912 82,438 ,096 68,503 0.813 913,095 
1913 92,097,131 85,470 1.005 851,971 
1914 88 , 230,170 120, 906 0.927 819,596 
1915 85,914,907 42,218 0.860 793,541 
1916 91,521,198 1,836 1.103 842,137 
1917 92,814, 202 2,323 1.354 639 , 456 
1918 71,081,663 305 1.598 432,966 
1919 80,777,935 8,931 aera) 528 , 589 
1920 100,023, 245 524,604 2.02 767,481 
1921 98 , 842,049 122,322 1.89 539 , 402 
1922 114,789,984 323 , 823 1.76 889 , 428 
1923 137 , 460, 238 1,678,636 1.90 1,271,674 
1924 149,358,000 2,010,936 1.834 1,418,464 
1925 161,658,901 3,655,317 1.834 1,418,464 
19262 164,530,901 3,232,386 fey | 2,104,891 
19272 173, 206 , 513 2,049 , 730 


1 Data taken from various tables, Luster, ‘ History of the Portland Cement Industry in 
the United States.”’ 
2 Figures furnished by U. S. Dept. Commerce. 


uses of concrete will be briefly explained in the following 
paragraphs. 

Reinforced Concrete.—Reinforced concrete is concrete in 
which steel bars have been placed to take the tensile stresses, 
since concrete is comparatively weak in tension as compared 
to its compressive strength. Reinforced concrete is used 
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Fie. 5.—Production and average factory price of portland cement for the years 
1900 to 1927. 


Fig. 6.—Precast concrete blocks were used instead of cut stone for the exterior 
walls of the Portland Cement Association building in Chicago, IIl. 


. 
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in the building of bridges, buildings, walls, floors, bins, 
reservoirs, etc. 

Highway Construction.—In the period since the close of the 
World War the use of concrete as the wearing surface of pave- 


(b) Curing. 


Fic, 7.—Manufacture of concrete products. 


ments has greatly increased. There has been no general use of 
steel as a reinforcing material to take tensile stresses. Steel is 
used, however, to bond together the various parts of the slab 
when it cracks or has construction joints built in. Concrete is 
used also in constructing bases for other types of wearing surfaces, 


INTRODUCTION 13 


the building of bridges, culverts, drains, curbs and gutters, and 
sidewalks. 

Sewage Disposal—Concrete is being used extensively in 
the building of sewage-disposal plants and in the construction 
of sewers and is of the reinforced type mentioned above. 

Concrete Products.—The more important concrete products 
include building blocks, brick, sewer and drain tile, light stand- 
ards, telegraph, telephone and electric wire poles, and fence 
posts. In order to remove the forms at once, the concrete is 
mixed to a relatively stiff consistency, which requires extra 
amounts of tamping, vibrating, or spinning. Light-weight 
aggregates are being used extensively in the building blocks. 


Fic. 8.—Various types of concrete building units. 


Decorative Concrete.—Concrete is also being used in various 
ways to develop the decorative scheme of a building. One 
method is to use colored aggregates near the surface and to expose 
these aggregates within 24 hours by brushing away the mortar. 
Aggregates may also be exposed by grinding away the surface 
layer until the cross-section of the aggregate is shown. Any 
desired pattern may be executed with almost any combination of 
colors. Colored designs may also be painted on the surface of 
the concrete. For a discussion of the methods used see Chap. 8. 

Cast Stone.—Another recent development is the making of 
solid blocks of concrete which resemble cut natural stone and 
which are handled and used in the same manner. The aggre- 
gates are not exposed and the cut stone effect is secured by the use 


of sand molds. 
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(0) 
Fic. 10.—Views of two reinforced-concrete bridges. (a) Highway bridge. 
(b) The Tunkhannock viaduct on the D. L? & W. R. R. which is nearly a half 


mile in length and is 240 ft. high. 
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Stucco.—Mixtures of cement and sand are now applied to the 
outside surfaces of walls of buildings. The aggregates may 
or may not show, the surface may be smooth or rough, and pat- 
terns may be worked in by molding the surface or by the use of 
aggregates. Stuccoed walls have a pleasing appearance and are 
durable. 

Miscellaneous Uses.—Concrete is made to serve many other 
purposes around the home, on the farm, at the factory, in parks, 
etc. 


DEFINITIONS 


A few of the more common words and expressions used in 
connection with concrete will be explained or defined. 

Portland Cement.—Portland cement is the binding material 
holding the mineral aggregate together.! 

Aggregate.— Designated inert material, which when bound 
together into an agglomerated mass by a matrix forms concrete, 
mastic, mortar, plaster,ete. (From ‘“Tentative Definitions of the 
Terms Sand and Aggregate” of the A. 8S. T. M., Serial Designation : 
C58-26T.) 

Sand.’—The fine granular material (usually less than 14 in. in 
_ diameter) resulting from the natural disintegration of rock, or 
from the crushing of friable sandstone rocks. (From “Tentative 
Definitions of the Terms Sand and Aggregate” of the A. 8. T. M. 
Serial Designation: C58-26T.) 

Fine Aggregate.—Fine aggregate is arbitrarily designated as 
that portion of the aggregate which will pass through a 4-in. 
sieve. 

Coarse Aggregate.—Coarse aggregate is arbitrarily designated 
as that portion of the aggregate which will not pass through the 
l4-in. sieve. 

Pebbles.—Pebbles are the naturally disintegrated particles of 
rock used as coarse aggregate in concrete. 

Crushed Stone.—Crushed stone or rock are the artificially 
prepared particles of rock used as coarse aggregate in concrete. 

1 See p. 31 for complete A. S. T. M. definition. 

* When used without a qualifying adjective, “sand” is generally under- 
stood to mean the product of the natural disintegration of siliceous or 
caleareous rock. Sand should be distinguished from screenings, gravel, 
etc. The size of the particle and other physical characteristics should be 


taken care of in specifications. The fine material resulting from the crushing 
of blastfurnace slag is known as “slag sand.” 
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Blast-furnace Slag.—Blast-furnace slag is the non-metallic prod- 
uct consisting essentially of silicates and alumino-silicates of lime 
which is developed simultaneously with iron in a blast furnace. 

Cinders.—Cinders are produced as waste material from steam 
boilers using bituminous coal. 

Bank Gravel.—Bank gravel is the combination of sand and 
pebbles as found in the pit or bank: 

Ready Mix Aggregates.—Sand and gravel producers often 
prepare at the pit mixtures of sand and gravel for sale by the 
dealers to users of small quantities of aggregate. The propor- 
tions of sand and gravel vary considerably and usually run high 
in sand content. Its use is not recommended for high quality 
concrete work. 

Cement Paste.—Cement paste is the mixture of cement and 
water. 

Mortar.—Mortar is the mixture of cement, water, and sand, 
as it occurs in concrete or as it is used in masonry work. 

_Grout.—Grout is also a mixture of cement, water, and sand, 
but the proportion of water is much greater. Grout is used 
principally as a filler in block types of pavements. 

Concrete.—Concrete is the mixture of cement, water, and fine 
and coarse aggregates. 

Water-cement Ratio.—Water-cement ratio is the ratio 
between the volume of mixing water used and the bulk volume 
of cement. European practice uses it as a ratio by weight. 

Fineness Modulus.—Fineness modulus is a function of the 
grading of the aggregates based on the sieve analysis and is 
found by adding together the percentages coarser than the 
100-, 48-, 28-, 14-, 8-, and 4-mesh and the %¢-, 34-, and 1}4-in. 
square mesh Tyler sieves, and dividing by 100. 

Cement-space Ratio. The cement-space ratio is the ratio 
between the solid volume of cement and the volume of the 


cement paste. It is often written as the eer ratio, in which the 


c represents the solid volume of cement, and the v + c¢ represents 
the volume of the cement paste. 

Slump Test.—The slump test for consistency of concrete is 
made by first filling a truncated metal cone 12 in. high, 4 in. in 
diameter at the top and 8 in. at the bottom, with concrete, then 
removing the cone and noting the amount of settlement of the 
concrete. Slump test values are given in inches. 
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Hassam Concrete.—Hassam concrete is a patented type used 
only in building pavements. A layer of crushed stone at least 
4 in. in thickness is laid first and then a 1:1 grout is flushed into 
the crushed stone. The grout normally penetrates to a depth of 
from 3 to4in. After the stone has taken all the grout possible, 
a thin layer of stone chips is spread over the surface and rolled 
until the grout comes through. 

Vibrolithic Concrete.—Vibrolithic concrete is also used only in 
pavements. The method of laying the pavement is patented. 


Fie. 11.—Finishing vibrolithic conerete. View shows wooden mats, vibrating 
machine, and crushed granite beyond mats. This pavement was built one-half 
at a time. ‘ 


A layer of 1:2:4 concrete 6 to 7 in. in thickness is first laid and 
struck off as in the regular type. Then a layer of crushed granite 
or trap rock is spread over the surface. Wooden mats made of 
narrow slats are laid on the concrete and a vibrating machine 
run over the mats. The aggregate is settled and a layer of 
mortar is brought to the surface. The mortar is struck off and 
belted in the usual way. 

Gunite.—Gunite is a mixture of cement, sand, and water 
applied by pneumatic pressure through a machine known as the 
“cement gun.” The dry sand and cement which are mixed 
before being placed in the gun are carried in suspension in a 
hose by a stream of air to the nozzle where water is introduced 
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through a smaller hose. The amount of water can be regulated 
by a valve in the hand of the operator. 

The usual mixes vary from a 1:24 toa 1:5. Under ordinary 
conditions with the usual 1:314 mix, the amount of water used 
per bag of cement is about 314 gal. From 15 to 50 per cent of the 
sand, depending upon its characteristics, is normally wasted 
because it bounces back and drops to the ground. The per- 
centage of rebound is higher with the coarse sands than with the 
finer ones. 


¢ 


Fig. 12.—Typical gunite repair job. The soft surface of the old concrete has 
been chipped away to a depth of 2 in. Wire mesh reinforcing has been placed 
and fastened to the concrete with anchor bolts that extend in 4 to 5 in. Note 
the cement gun in operation at the center and the finished portion at the right. 


The most common uses for gunite are for lining reservoirs; 
encasing steel, particularly on viaducts over railroad tracks; 
repairing disintegrated concrete structures such as dams, bridge 
piers and abutments, dry docks, lining coal bunkers, building 
baffle walls in Imhoff tanks and filter chambers, and building thin 
curtain walls on structural steel buildings. 

It is difficult to give definite figures on the cost of gunite work 
because it varies considerably from job to job. For thicknesses 
of from 14% to 2 in., the costs will vary from about 35 cts. to 80 
cts. per square foot. The work shown in Fig. 12 was done for 
approximately 75 cts. per square foot. 
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Questions 


1. What is concrete? portland cement concrete? pebble concrete? slag 
concrete? 

2. When and where was portland cement first produced? By whom? 

3. How did portland cement get its name? 

4. Name various uses of portland cement concrete. 

5. What is Hassam concrete? vibrolithic concrete? gunite? 


CHAPTER 2 
STANDARD PORTLAND CEMENT 


_ Portland cement is produced by burning a mixture of limestone 
and shale to the point of melting and then grinding the resulting 
clinker to a very fine powder.1 Gypsum is added during the 
grinding of the clinker for the purpose of retarding the setting 

-action. Blast-furnace slag is substituted for the shale in several 
plants. Standard grey cements are those cements which are 
made in the usual way, and from the usual materials, and which 
meet the A. 8. T. M. requirements for portland cement. Other 
cements made in a different way or from different materials and 
for special purposes are treated in the next chapter on Special 
Cements. Special cements include aluminate, high early strength 
portland, waterproof, and white cements. Cement is grey in 
color because of a small amount of iron oxide present. 


MANUFACTURE 


Since the adoption of the first set of standard specifications by 
the A. 8. T. M. in 1904, rapid strides have been made in the devel- 
opment of quantity production of portland cement. The price is 
remarkably low when one considers the amount of raw materials 
used and the care with which the various parts of the work is done. 
Important developments have been made in preparing the raw 
materials, burning, grinding and the recovery of heat which was 
formerly wasted. There is not much variation from plant to 
plant in the exact methods of manufacture. 

Raw Materials.——The raw materials from ‘which cement is 
manufactured are divided into two general classifications, argil- 
laceous and calcareous. The most common combinations of 
these are: 


Argillaceous Calcareous 
Shale or clay Limestone 
Cement rock Limestone 
Blast furnace slag Limestone 
Shale or clay Marl 


1 For official A. S. T. M. definition, see p. 31. 
21 
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Cement rock is a limestone, found principally in Pennsylvania, 
containing more than 50 per cent clay. Marl is a soft deposit 
of clay and calcium carbonate found in the bottoms of shallow 
lakes, swamps, or extinct fresh-water basins. Most of these 
deposits have been worked out so that there are very few marl 
cement plants operating today (1928). 


Fig. 13.—General view in stone quarry from which limestone is secured. 


PREPARATION OF Raw MATERIALS 


The raw materials which are combined to produce portland 
cement must have the proper chemical constituents so that the 
finished product will have the proper physical and chemical 
requirements as given in the specifications (see page 32). The 
composition of the raw materials varies from place to place in 
the deposits, thus necessitating frequent analyses as the materials 
are removed. Tests are also made on the mixture before it is 
burned and adjustments made until the proper proportions of 
the various materials are secured. 

In the dry process of manufacture, the raw materials are dried 
before being ground and mixed for burning, while in the wet 
process they are mixed with water to be prepared for burning. 
The development of the long rotary kiln has made the use of 
the wet process economical and, since about 1915, most of the 
new plants have installed the wet process. 
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_ Dry Process.—The hard materials coming from the quarry 
must be crushed so that all pieces will pass a 2- or 3-in. screen. 
Large gyratory crushers are generally used. The materials are 
then dried in large hollow steel cylinders 50 ft. in length and 
5 ft. in diameter. Waste gases are frequently used. 
For proper burning about 85 per cent of the raw mixture 
should pass a 200-mesh sieve. Two stages of grinding are 
necessary, and are known as preliminary and final grinding. 
Preliminary grinding is generally done in a ball mill, known as a 
preliminator. The grinding is accomplished by the action of 
6 to 8 tons of steel balls, 21% to 5 in. in diameter, as the cylindrical 


Fic. 14.—View of ,blast in stone quarry. Many tons of dynamite are used 
each year by the cement manufacturers in securing their supply of limestone. 


steel drum revolves (see Fig. 21). The drum is 8 ft. in diameter 
and 51% ft. in length. After preliminary grinding the materials 
should pass a 20-mesh sieve. 

At this point the argillaceous and calcareous materials are 
combined, proportions of each material being based on chemical 
analyses. Final grinding is usually done in a tube mill which 
is 22 ft. in length and 5 or 6 ft. in diameter. The charge in a 
tube mill is about 15 tons of flint stone or steel balls. The 
material as it leaves the tube mill is ready for burning with 
about 85 per cent passing a 200-mesh sieve. 

Wet Process.—Prior to 1915, marl and clay were the only 
raw materials used in the wet process. Since then more and 
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‘Fig. 15.—Preliminary crushing of stone is accomplished in a giant gyratory 
crusher. 


Fia. 16.—Rock fragments from the 
types. This is a battery of centrif 


crusher are pulverized in mills of various 
ugal mills used for preliminary grinding. 
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more plants have been installing the wet process for use with 
limestone and shale as the raw materials. Manufacturers are 
not unanimous in the feeling that the wet process is better than 
the dry and those believing in the latter have been developing 
special blending bins for the purpose of securing more uniform 
raw mixtures. 

The limestone and shale are first reduced in size so as to pass 
through a 20-mesh sieve, without being dried. The materials 
are then mixed with water into a slurry and ground so that 


Fig. 17.—Long, horizontal rotary kilns in which the raw materials are burned 
into clinker, 


85 per cent will pass through a 200-mesh sieve. Until about 
1925 the slurry was introduced directly into the kiln, but since 
that date several manufacturers have been removing the water 
before introducing the raw mixture into the kiln. The removal 
of the water is accomplished by special driers using waste heat 
from the kiln. 

Heating Raw Materials to Incipient Fusion.—Present-day 
practice is to burn the raw mixture in a long horizontal rotary 
kiln, which may be 150 to 343 ft. in length and 5 to 12 ft. in 
diameter. The average kiln is about 200 ft. long and 10 ft. in 
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diameter. It consists of a steel drum supported on rollers at 
intervals and is lined with fire brick. The speed of rotation is 
about three-fourths of a revolution per minute and the inclination 
with the horizontal is 14 to 34 in. per foot. Fuel is introduced 
at the lower end while the raw materials are entering at the 
upper end. The smoke and gases pass out the upper end which 
is connected to a chimney. 

The fuel ordinarily used is coal pulverized so that 95 per cent 
will pass a 100-mesh sieve. It is blown into the kiln by means 
of an air blast. Gas and oil are also used as fuels. 


Fie. 18.—One of the developments in cement manufacturing methods has 
been the conservation of the heat produced in burning. This view shows waste 
heat room at the upper end of the kiln, 


The raw materials gradually work themselves down through 
the long kilnin about an hour. They are heated to a temperature 
of 1400 to 1500°C. at which temperature clinker of a black or 
a greenish black color is formed. It has a vitreous luster and 
is quite hard. The output of a rotary kiln varies from 500 to 
3,000 bbl. per day, depending upon its size. In producing a 
376-lb. barrel of cement about 175 lb. of coal are burned and 
600 to 700 lb. of raw materials are used. 

The introduction of the rotary kiln about 1900 was probably 
the most important development in the manufacture of cement 
and has made it possible to put cement on the market at a price 
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sufficiently low to permit of its general use. At first the vertical 
kiln was used. Alternate layers of the raw materials and coke 
or wood were put into place and fired. In order to remove the 
clinkers and recharge the kiln it was necessary to cool the kiln. 
The capacity of such a kiln was only about 100 bbl. per day. 
Grinding the Clinker.—Conservation of heat is an important 
item in the reduction of operating costs. The clinker is heated 
in the kiln to a temperature of 2500 to 3000°F. and much of this 
heat can be recovered as the clinker is cooled. Formerly, 
and in some cases still, the clinker was permitted to cool in air 
with a 100 per cent loss of this heat. Special cooling apparatus 


Fie. 19.—Clinker in storage waiting to be ground. 


has been developed which recovers much of the heat. The 
recovered heat is returned to the furnace to be used in burning 
more clinker. 

In order that the cement may not set too rapidly when used in 
mortar or concrete, a material is added to retard the set. The 
sulfates of calcium which are known as gypsum (CaSO, + 2H20) 
and plaster of Paris (CaSO4 + }¢H2O) are used. The usual 
amount is 2 per cent. Retarder may be added to the clinker 
before it is ground or after the clinker has had a preliminary 
grinding. 

The clinker is ground in the same manner as the raw materials. 
The final product, however, must be so fine that at least 78 per 
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cent will pass through a 200-mesh sieve. The clear opening 
between wires is 0.0029 in., and there are 40,000 openings per 
square inch. 


Ageing.—Following the final grinding it is advisable to allow 
the cement to aerate for 10 days to 2 weeks. During the late 
summer months when the demand is the heaviest, the cement 
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is frequently bagged immediately and _ shipped. Ordinarily 
a week may elapse between the grinding and its use in 
concrete. 

The purpose of ageing is to permit any free lime present’ 
in the cement to hydrate before it is used in concrete. 
Occasionally during the burning of the clinker some free lime 
becomes encased in the center of the clinker and is not changed 
into clinker. Grinding liberates the free lime. Free lime 
expands many times its original volume as it absorbs moisture. 
It is highly desirable that the free lime do its expanding before it 
is incorporated in concrete. The percentage of unsound cement 
is quite small. 

Bagging.—Practically all cement shipped prior to 1927 was in 
cloth bags, containing 94 lb. net. The original unit of measure 
was the barrel containing 376 lb. net. The first cements brought 
into this country and the first cements made in this country were 
shipped in wooden barrels. Occasionally now cement is shipped 
in bulk in gondola or box cars. 

Multiple wall-paper bags made similar to the cloth bags 
came into extensive use in the year 1927 and give promise of 
replacing to a large extent the cloth bag. The paper bags are 
made with five thicknesses of paper and are claimed to be 
moisture proof. Because of the smoother surface of the paper 
not so much cement remains in the paper bag as in the cloth bag, 
when the bags are emptied. Cement sold in paper bags costs a 
little more than the net price of that sold in cloth bags. Some 
contractors, however, consider it cheaper in the long run to use 
the paper bags. 

The barrel is the common unit of measure in designating 
quantities of cement even though the size of the package is one 
bag. There has been some agitation to change the size of 
the bag, as 94 lb. is a little heavy for the average workman to 
handle except for short periods of time. Many people have 
become accustomed to the size now in use, so that it would cause 
considerable confusion to change to any other size. 

A small charge, usually 10 cts. per bag, is made by the manu- 
facturer to the dealer when the cement is shipped. The dealer 
likewise charges his customers 10 cts. per bag. The money is 
refunded when the bags are returned. The charge does not cover 
the cost of the bag but is made in an effort to have all the bags 
returned. The dealers are required to clean the bags and tie 
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Fig. 22.—Sacking the cement. The bags are filled by machines that force 
the cement through a self-closing valve in the bottom, after the sack has been 
tied at the top. 


Fia. 23.—Cement storage bins at factory. In the slack selling periods stocks 
of cement are built up to meet the heavier demands of other seasons. . 
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them up in bundles of 50. About 1 lb. of cement is cleaned from 
each bag. 

The first step in bagging is to wire shut the top of the bag. A 
special device is inserted into the bottom of the bag for filling. 
The bag is slipped then over a nozzle and the cement is blown 
in. When 94 lb. are in the bag an automatic cut off stops the 
flow of cement and the bag drops on a belt to be conveyed to the 
loading platform. 

Chemical Composition.—Properly prepared portland cements 
will have the following chemical composition: 


fame (CaQO)....0....5......... 60 to 64 per cent 
Silica aGoIO eee Naae Goes ass) 19) to) 25 per cent 
lumina (Al;Os)s.2...2¢5...... © t0 9 per cent 
Marwesiaemee pants Gos nm d ctor 5 per cent maximum 
Sulfuric anhydride (SO3)........ 2 per cent maximum 
Inonoxid cape iat cece weirs: sites: Oto 4 per cent 


The magnesia and sulfuric anhydride are limited to the above 
percentage by the standard specifications. 

Specifications.—The specifications under which portland 
cement is produced in the United States are those adopted 
by the American Society for Testing Materials. At the time of 
the formation of this society in 1898 cement was being manu- 
factured to meet a large number of specifications. Engineers 
differed in their ideas and manufacturers found it difficult to 
meet these various specifications. This led to a demand for 
standardization. When the new standard appeared, it was quite 
generally accepted. 

With the adoption of the standard specifications the manu- 
facturers began to develop quantity production and have spent 
most of their efforts along this line. Now there is a tendency 
to produce special cements for various purposes, such as, high 
early strength, waterproofing, and color effects. 


STANDARD SPECIFICATIONS FOR PORTLAND CEMENT OF THE 
oN oto heer ty be 


Serial Designation C9-26 


i Definition —Portland cement is the product obtained by finely 
pulverizing clinker produced by calcining to incipient fusion an intimate 
and properly proportioned mixture of argillaceous and calcareous mate- 


32 PLAIN CONCRETE 


rials with no additions subsequent to calcination excepting water and 
calcined or uncalecined gypsum. 


I. CuemicaL PROPERTIES 


2. The following limits shall not be exceeded: 


Per Cent 
Eoss} On enitionieessrc ce cola cerns tet ieee een oer 4.00 
Insoluble’ residues ae... nca tel ee eT oles ree eesnerete revel 0.85 
Sulfureranhydnidel(SO:) aaaeeee eee ere ert 2.00 
Magnesia, (MgO). 3c aenie oe tees ere eee 5.00 


II. PuHysicaL PROPERTIES 


3. Fineness.—The residue on a standard No. 200 sieve shall not 
exceed 22 per cent by weight. 

4. Soundness.—A pat of neat cement shall remain firm and hard, and 
show no signs of distortion, cracking, checking, or disintegration in the 
steam test for soundness. 

5. Time of Setting—The cement shall not develop initial set in less 
than 45 min. when the Vicat needle is used or 60 min. when the Gillmore 
needle is used. Final set shall be attained within 10 hours. 

6. Tensile Strength—The average tensile strength in pounds per 
square inch of not less than three standard mortar briquets, composed 
of 1 part of cement and 3 parts of standard sand, by weight, shall be 
equal to or higher than the following: 


Age at test, ae ihn Tensile strength, 
days pounds per square inch 
te 1 day in moist air, 6 days in water 225 
28 1 day in moist air, 27 days in water 325 


7. The average tensile strength of standard mortar at 28 days shall 
be higher than the strength at 7 days. 


III. Packine, MarkInG, AND STORAGE 


8. Packages and Marking.—The cement shall be delivered in packages 
as specified, with the brand and name of the manufacturer plainly 
marked thereon, unless shipped in bulk. When shipped in bulk, this 
information shall be contained in the shipping advices accompanying 
the shipment. A bag shall contain 94 lb. net. A barrel shall contain 


376 Ib. net. All packages shall be in good condition at the time of 
inspection. 
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9. Storage——The cement shall be stored in such a manner as to 
permit easy access for proper inspection and identification of each 
shipment, and in a suitable weather-tight building which will protect 
the cement from dampness. 


IV. INsPEcTION 


10. Every facility shall be provided the purchaser for careful sampling 
and inspection either at the mill or at the site of the work, as may be 
specified by the purchaser. At least 12 days from the time of sampling 
shall be allowed for the completion of the 7-day test, and at least 33 
days shall be allowed for the completion of the 28-day test. The cement 
shall be tested in accordance with the methods hereinafter prescribed. 
The 28-day test need not be made if waived by the purchaser, 


V. REJECTION 


11. The cement may be rejected if it fails to meet any of the require- 
ment of these specifications. 

12. Cement remaining in storage prior to shipment for a period 
greater than 6 months after test shall be retested and shall be rejected 
if it fails to meet any of the requirements of these specifications. 

13. Cement shall not be rejected on account of failure to meet the 
fineness requirement if, upon retest after drying at 100°C. for 1 hour, it 
meets this requirement. 

14. Cement failing to meet the test for soundness in steam may be 
accepted if it passes a retest using a new sample at any time within 28 
days thereafter. The provisional acceptance of the cement at the mill 
shall not deprive the purchaser of the right of rejection on a retest of 
soundness and time of setting at the time of delivery of cement to the 
purchaser. 

15. Packages varying more than 5 per cent from the specified weight 
may be rejected, and if the average weight of packages in any shipment, 
as shown by weighing 50 packages taken at random, is less than that 
specified, the entire shipment may be rejected. 


COMPRESSIVE STRENGTH! 


The following specification was proposed in 1916 as a tentative 
standard with the idea that it might at some time be added to the 
standard specifications for cement. This has never been done. 


The average compressive strength in pounds per square inch of not 
less than three standard mortar test pieces composed of 1 part cement 


1A, §. T. M. serial designation C9-16T. 
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and 3 parts standard sand, by weight, shall be equal to or higher than 
the following: 


ee nnn, ELLE 


Age at test : : Compressive strength, 
days piOrane Chea pounds per square inch 
7 1 day in moist air, 6 days in water 1,200 
28 1 day in moist air, 27 days in water 2,000 


a 


The average compressive strength of standard mortar at 28 days shall 
be higher than the strength at 7 days. 
- Nors.—The specifications prior to 1926 contained a provision that the 


specific gravity should not be less than 3.10 for the gray portlands and 3.07 
for the white portlands. 


VALUE OF TESTS 


Soundness.—The purpose of the soundness test is to deter- 
mine if there is anything present in the cement which would 
cause disintegration of the concrete in which the cement would 
be used. In the manufacturing process occasionally free lime 
is produced. As it absorbs moisture, free lime expands many 
times its original volume, which would cause disintegration of 
the concrete in which it mignt be used. Proper ageing of the 
cement will eliminate any free lime. The specifications, there- 
fore, permit a retest at any time during the first 28 days, 

In this test a pat of cement paste is molded on a glass plate. 
The pat is made 3 in. in diameter and 14 in. in thickness at the 
middle and tapering out to a thin edge. The pat is placed in a 
moist closet as soon as it is molded. After 24 hours it is placed 
in a steam bath for 5 hours, at the end of which time it is examined 
for evidences of unsoundness. 

Time of Setting.—The rate of setting is an important item 
in the handling and finishing of concrete. During the setting 
period the concrete loses its ability to be made into different 
shapes and becomes a hard, immovable mass. After thé con- 
crete has become sufficiently hard to hold its shape, the hardening 
period, as it is called, begins. As a concrete hardens it gains in 
strength. 

Sufficient time must elapse between the mixing and setting 
to permit the concrete to be placed. After the concrete is once 
in place it is desirable that the setting and hardening action 
take place. The requirements for various jobs will be different 
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and sufficient latitude is given to include almost all construction 
work. It is necessary that any one using cement plan his work 
so that the concrete may be gotten into place before the setting 
action takes place. 

Two stages of setting are defined in the specifications. They 
are known as initial set and final set. Initial set occurs when 
the cement paste will support the 14-Ib. Gillmore needle without 
appreciable indentation, or when the Vicat needle ceases to 
penetrate past a point 5 mm. above the bottom of the cement 
paste which is molded in the vulcanite ring. Final set occurs 
when the paste will support the 1-lb. Gillmore needle or the 
Vicat needle, without appreciable indentation. 

Fineness of Grinding.'—In general the strength of concrete. 
is increased with greater fineness of grinding for each particular 
brand of cement. It is not necessarily true that a brand of 
cement which is ground finer than another will have a greater 
strength. The principal result of finer grinding is to hasten 
the early hardening of the concrete. Those particles of cement 
which are ground fine enough to pass through the 200-mesh sieve 
are the ones which react with the water and give strength to the 
mass. As the proportion of material which will pass the 200-mesh 
sieve is increased, there is more material which will give strength. 
Fine grinding of cement is more effective in increasing the 
strength of lean mixtures than rich ones, and in producing higher 
early strengths. 

Tension Tests.—The cement to be of any value as a binding 
material must have the ability to develop strength. To check 
on this item a tension test has been devised in which the cement 
is mixed with standard Ottawa sand. The resulting mortar is 
molded into briquets which have a cross-sectional area of 1 sq. 
in. at mid-section. The briquets are tested at 7 and 28 days 
and it is prescribed that the minimum strength at 7 days shall 
be 225 lb. and at 28 days 325 lb. The question is frequently 
raised as to the value of a tension test when the concrete rarely 
ever is considered as having any tensile strength. On the other 
hand, satisfactory cements have been secured with the present 
specification. 

Compression Tests.—It has been argued that the compression 
test is a better measure of the strength quality of the cement 


1 “Effect of Fineness of Concrete,” Structural Materials Research Labora- 
tory Bull. 4. 
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than is the tension test. The American Society for Testing 
Materials has prepared a tentative standard for the compression 
test. The procedure is similar to that of the tension test, except 
that the 2 by 4-in. cylinder is used as the test specimen instead 
of the briquet. 


Questions 


1. Describe the manufacture of portland cement. Distinguish between 
dry and wet processes of manufacture. 

2. What is the purpose of adding gypsum or plaster of Paris to the clinker? 

3. What is the purpose of ageing the cement? 

4. What is the weight of cement per bag? per barrel? What is the usual 
assumption as to volume? 

5. What is the chemical composition of cement? 

6. Give physical test requirements of the A. S. T. M. for portland cement. 

7. How is the time of setting controlled? 

8. What is the effect of additional fineness of grinding? 

9. Distinguish between setting and hardening. 


CHAPTER 3 
SPECIAL CEMENTS 


In addition to the standard grade of portland cement discussed 
in the previous chapter, there are cements which develop higher 
earlier strengths and others which are specially prepared for 
waterproofing purposes. The high early strength cements may 
be divided into two groups, aluminate and high early strength 
portlands. For a discussion of high early strength concrete, see 
Chap. 11. 


-ALUMINATE CEMENT 


Aluminate cements are made in practically the same manner 
as is portland cement, but with different raw materials. The 
most common combination for portland cement is limestone and 
shale. In aluminate cements the shale is replaced by an alu- 
minum ore called bauxite. Bauxite is an aluminum compound 
represented by the chemical formula Al,O(OH)4., but is generally 
impure and may contain water, iron oxide, silica or tannic acid. 
Bauxite is found in the United States in Arkansas, Georgia and 
Tennessee. Most of the imported bauxite comes from the 
Guianas, Dalmatia, and France. 

Aluminate cement concrete at the end of 24 hours after 
placing has greater strength than similar concrete made with 
standard portland cement at the end of 28 days. It can also 
be used successfully at lower air temperatures than can portland 
cement concrete. On the other hand the cost is from three to 
four times as much as that of portland cement and more care 
must be exercised in the production of the concrete and during 
the first 24 hours of curing. 

Studies of aluminate cements began in the early part of this 
century in France, Germany, and the United States. The first 
work in this country was done by H. 8. Spackman in conjunction 
with E. W. Lazell. Later the work was continued with E. L. 


Conwell. P.H. Bates also made some studies. 
37 
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At the same time the French and Germans were investigating 
this new cement. The French were the first to produce it on a 
commercial basis, under a patent issued in 1908. Their product 
is known as “Cement Fondu.” It was first used in a railway 


tunnel. 


Fie. 24.—Some farm uses of concrete. 


During the World War the military forces constructed bases 
for the heavy artillery with aluminate cement concrete. Its 
showing during the war aroused the attention of engineers 
generally and since then production has started in several 
countries. Manufacture began in Germany in 1924. Several 
plants were started in England in 1923. The first American- 
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made aluminate cement was offered for sale in the United States 
in June, 1924. It is known as Lumnite and is the only American 
brand. It is produced by The Atlas Lumnite Cement Company. 

Chemical Analyses.—Chemical analyses of Lumnite cement 
indicate approximately the following composition: 


Per Cent 
pe oE st sete ge Nk 6 oh rs Rn 3) tors 
ese aN 1 Yes ore a ae a 14 to 18 
JAC VEN NU aha ahah Cn ee By Wey 8Y9) 
DANE rere realty Smet ae icc ed «odin esac: 31 to 41 
DE MOROR Been hoe tee Gh RO fs ke ace a 87° tor 1. 
SUN SOCEY O kat (ea i to 1% 


Physical Properties.—The chief physical property of aluminate 
cement is its ability to gain strength rapidly. Concrete made 


Fic. 25.—View of a reinforced-concrete stadium. 


with aluminate cement has greater strength at the end of 24 
hours than has similar concrete made with portland cement at 
the end of 28 days. Another special characteristic is its ability 
to gain strength at lower temperatures than portland cement. 
Aluminate cements may be subjected to the same tests as 
portland cement. The results in some of the tests are similar 
to those of portland cements while in others they are different. 
Normal Consistency.—Normal consistency occurs within the 
same range of percentages of water as for portland cement. 
Specific Gravity—The specific gravity is also about the same 
as for portland cement. 
Fineness of Grinding.—Aluminate cement is generally ground 
much finer than is the average portland cement, only about 5 
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per cent being retained on the 200-mesh sieve as compared to 
about 15 per cent for the average portland cement. The stand- 
ard specifications for portland cement permit a maximum of 22 
per cent to be retained on the 200-mesh sieve. 

Soundness.—Aluminate cement will pass the soundness test 
for portland cement. 

Time of Setting.—In the time of setting test there is not much 
of an interval between initial set and final set. Initial set is 
slower than for the average portland cement and final set is 
about the same. Aluminate cement concrete remains soft and 
workable longer than portland cement concrete. Once the 
stiffening action starts, aluminate cement concrete becomes hard 
very rapidly. Concrete finishers accustomed to portland cement 
will find it difficult at first to do their work at the proper time. 

Tension and Compression Tests.—Aluminate cement will 
easily pass the A. S. T. M. tension and compression test require- 
ments for portland cement. The strengths at the end of 1 day 
are greater than those required at either 7 or 28 days. 

Flash Set.—All advertisements of Lumnite cement advise not 
to mix portland cement with the Lumnite. Tests were made 
at the University of Michigan to determine the effect of various 
combinations on the time of setting. The general conclusion 
was that when the mixture of cements contained between 33 and 
90 per cent portland cement, there would be a flash set. In some 
cases the cement set so rapidly that it was not possible to make 
a determination before the set had taken place. 

Effect of Temperature.—One of the claims for Lumnite cement 
is that low temperatures during the curing period do not affect 
the compressive strength nearly as much as they do portland 
cements. Some tests were made at Michigan State College to 
determine this effect with Lumnite cement. 

The principal result noted was that the concrete did not gain 
strength while frozen nor during the thawing period. A set of 
cylinders was placed, immediately after molding, in a tempera- 
ture below freezing. After 24 hours the cylinders were placed in 
water at 50°F. for 3 hours to remove the frost. Upon removal of 
the forms the cylinders fell to pieces in handling. 

The concrete may not be permanently affected by freezing. 
The concrete which was given 28 days to harden following the 
freezing has practically the same strength as the concrete handled 
in the regular manner at 1 day. The ability to gain strength 
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Fic. 26.—Views showing construction work on several bridge jobs. 


41 


42 PLAIN CONCRETE ° 


quickly, however, is somewhat impaired. At the end of 3 days 
after thawing, the Lumnite cement concrete was stronger than 
similar portland cement concrete at 28 days but cured in the 
normal way. 


Hico Earty SrrenetH PortTLtaNnp CEMENTS 


The production of high early strength portland cements is a 
comparatively recent development, the first American-made 


Fria. 27.—An air hammer is often used to remove old concrete. 


cement being offered for sale in 1927. Most maunfacturers are 
producing standard brands which exceed by a wide margin the 
minimum strength requirements of the A. S. T. M. Under 
favorable conditions these cements will produce concrete which 
will develop strengths higher than is normally expected of 
portland cement concrete. A number of manufacturers are 
advertizing that high early strength concrete can be made with 
their cements and creating the impression that such is not the 
case with other brands, whereas any standard brand of portland 
cement can be made to produce higher strengths in concrete by 
the methods outlined in Chap. 11. Not all cements, therefore, 
which produce high early strength concrete may be classed as 
high early strength cement. 
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Only one manufacturer has revealed the process by which 
his high early strength cement is produced. The same raw 
materials are used in its manufacture as in that of the standard 
portland cement, but the lime content is increased slightly. 
Burning is accomplished in two stages. Following the prelimi- 
nary burning, the clinker is given a grinding and then a second 
burning. The clinker is finally ground, in two stages, so that over 
90 per cent will pass the 200-mesh sieve. 

One manufacturer is producing cement under a foreign patent 
while another has developed a process which is being patented, 
but neither cares to divulge information as to the method of 

manufacturing. 

- Concrete made from these cements does gain strength more 
rapidly than similar concrete made with the standard brands. 
The strengths at later ages are not, however, correspondingly 
greater as in the case of the early ages. These cements are of 
too recent origin to know fully their possibilities and limitations. 

The cost of the high early strength portland cements is some- 
what greater than that of the standard brands, varying from 
$1 to $1.25 per barrel more. Because of the possibility of 
securing use of the concrete at a comparatively early date, the 
public seems to be willing to pay this amount extra for the 
cement. 


WATERPROOF CEMENTS 


Certain cements are available for which the manufacturers 
claim special waterproofing qualities. These generally are 
standard brands with the waterproofing material incorporated 
during the grinding of the clinker. 

Much of the waterproofing cement sold in the United States 
is manufactured under what are known as the ‘‘super” cement 
patents. Any manufacturer may produce a “super”? cement 
upon securing the privilege from the owner of the patent. A 
special grade of tannin known as Gallo tannin, which is produced 
from oak gall nuts, is added at the same time as the retarder. 

The addition of the waterproofing material may reduce some- 
what the strength producing properties of the cement. The 
desired concrete strengths may be secured, however, by using 
the proper amount of cement. Anyone using waterproof cement 
for waterproofing purposes should exercise just as much care in 
the production of the concrete as in any other case. 
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Waterproofing cements sell for about 75 cts. to $1 more than 
the regular cements. 


Wuitrt PortTLAND CEMENT 


The grey color of portland cement is caused largely by the 
presence of iron oxide in the limestone and shale. Except for 
the impurities which exist in the raw materials all portland 
cement would be colorless or white. Iron oxide occurs in the 
finished grey cement in quantity up to 4 per cent, but is not an 
essential constituent. 

Pure calcite limestone and white clay, from which two of the 
cement companies produce white cement, are found in Pennsyl- 
vania. This cement in combination with white aggregates 
produces white concrete and stucco. The chemical composition 
of the grey and white cement is essentially the same except that 
the iron oxide content of white cement is usually 14 of 1 per 
cent or less. The physical properties are much the same, except 
that the white cement is ground finer than the average grey 
cement. Five to ten per cent retained on the 200-mesh sieve 
are average values for the white cement and 15 to 20 per cent 
for the grey cements. The specific gravity is less, being 3.05 
for the white cement. Specific gravity is no measure of quality, 
however. 

Uses.—White cement is used principally (1) in stueco for 
external plastering of buildings; (2) for setting of fine building 
stone to avoid staining; (3) in the manufacture of ornamental 
concrete units; (4) for facing concrete blocks; and (5) in the 
manufacture of tile, mosaics, ete. 


Questions 


1. What is the difference between aluminate and portland cements? 

2. What are the advantages and disadvantages of aluminate as compared 
with portland cement? 

3. What happens when the two cements are mixed? 

4. What is meant by high early strength portland cement? 

5. What is water-proof cement? _ 

6. How does white cement differ from gray cement? For what purposes 
is white cement used? 


CHAPTER 4 
MINERAL AGGREGATES 


Mineral aggregates as used in portland cement concrete are 
usually particles of rock, either naturally or artificially produced, 
blast furnace slag or cinders. In recent years a light-weight 
aggregate known as Haydite has been brought on the market 
for use principally in making building units and structural 
concrete. 

Fine and Coarse Aggregate——Ageregates are arbitrarily 
divided into two sizes. The combination of particles smaller 
than 14 in. is known as fine aggregate and the combination of 
those larger than 14 in. as coarse aggregate. Fine aggregate is 
usually sand which is naturally disintegrated particles of rock. 
Coarse aggregate may be either pebbles or crushed rock or 
stone. Pebbles are the naturally formed particles and are 
sometimes known as gravel. The former designation is better 
because it has only one meaning, since gravel is sometimes used 
to designate a combination of both sand and pebbles. Slag, 
cinders, and Haydite may be separated into both fine and coarse 
aggregate sizes. 


PRODUCTION 


Sand and Pebbles.—At many places throughout the United 
States and Canada there are deposits of sand and_ pebbles. 
Gravel pits, as they are called, are quite frequent in the northern 
half of the United States which has been covered at various 
times by glaciers. The theory is that the glaciers pushed large 
masses of rock ahead of them as they moved south. As the 
rock was pushed along it was broken up into smaller pieces and 
had the corners rounded off. Sand deposits are frequently 
found in and along streams and rivers. The proportions of 
sand and pebbles in a pit will vary considerably in the pit and 
from one pit.to another. Some pits are nearly all sand while 


others contain very little. 
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Production consists in stripping off the overburden, excavating 
the material, and hauling it to a plant to be screened and washed. 
Practically all deposits are covered with earth which may be 


Fia. 28.—Views in (top) stone quarry and (bottom) gravel pit. A drag line is 
being used to remove the gravel, 


removed by any of the ordinary methods of excavation, such as 
steam, gas or electric shovels, drag line, or sluicing. The 
excavation of the material is accomplished by means of power 
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Fic. 29.—General view of sand and crushed-stone plant. Materials are 
taken from hill in background which contains approximately 25 per cent sand 
and 75 per cent stone. 


Fig. 30.—A close-up view of plant shown in Fig. 29. The pit is on the opposite 
side of the plant from the river. 
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shovels or the drag line. When the deposits are under water it 
is not uncommon to use a suction pump to move the material 
to some point where it may be separated from the water. 

In most pits are found pieces of rock too large to be used 
without crushing. Crushing machinery is generally installed 
for the purpose of reducing these boulders to such sizes that they 
may be incorporated with the pebbles. 

At the plant the materials are elevated so that during the 
washing, screening, and loading, they are moving by gravity. 
The material is separated into various sizes on rotary screens or 
horizontal vibrating screens. During the screening, water is 
played on the materials so that by the time the screening oper- 


Fic. 31.—Left, Scalping screens used to remove larger and smaller pieces 
which are not of the proper size. Right, Sizing screens used to separate the 
aggregate into different sizes, 


ation is complete they are practically clean. The various sizes 
are then recombined as the purchaser requires. In many cases, 
however, the requirements of the engineers are such that not all 
of the output can be used and some must be wasted. In many 
of the pits there is a surplus of sand. The proportions for 
concrete are such that 1 part of sand is used for each 114 or 2 
parts of coarse aggregate. Unless there are other materials 
available in the territory as coarse aggregate, the sand must be 
wasted or other uses found for it. 

Crushed Stone.—Crushed stone is prepared from solid rock. 
The words “stone” and “rock” are used more or less inter- 
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changeably, but the former more truly applies to pieces of the 
latter. The word rock refers to the large natural masses. 

There are three general classifications of rock, igneous, sedi- 
mentary, and metamorphic. Igneous rocks are those formed 


Fria. 32.—Top, battery of vibrating screens, Bottom, “live roll’”’ grizzlies. 


by the action of heat. They are generally hard and tough, 
granular, and have practically no bedding planes. Granite and 
basalt are examples. Sedimentary rocks are those formed by the 
consolidation of sediment deposited from water. Bedding planes 
are apparent. Limestone and sandstone are examples. Meta- 
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morphic rocks are either igneous or sedimentary rocks which have 
been changed in structure and character by the action of heat, 
pressure, and movement. Marble is a metamorphic limestone 
and gneiss a metamorphic granite. Trap rock is the name which 
has been applied to any dark-colored, fine-grained igneous rock. 

Granite, trap rock, and limestones are the most common 
rocks from which crushed stone is prepared for use in concrete. 
Some limestones are too soft, and only occasionally is a sand- 
stone found which is sufficiently hard. Traps and granites are 
excellent materials. 


Fie. 33.—View of crushing and screening plant of company producing crushed 
stone. Cars are loaded on the tracks underneath the storage bins. 


Preparation of crushed stone for use is not as easy as that of 
pebbles. Overburden must be removed, holes drilled for charges 
of dynamite, the dynamite placed and set off, the broken rock 
loaded into cars and taken to a plant for crushing and screening. 
Air hammers are most generally used for drilling the holes and 
power shovels for loading the large pieces into railroad ears. 
Crushing is usually accomplished in two stages known as primary 
and secondary crushing. Gyratory and jaw crushers are the 
types most commonly used for both operations. Between the 


two crushings the material of proper size is removed by a screen- 
ing operation. 
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The operations of screening are quite similar to those described 
for sand and pebbles. Not many plants, however, wash the 
crushed stone. Usually some dust is produced in the crushing 
and screening operations. The dust is objectionable when the 
stone is to be used in portland cement concrete and in some 


Fia. 34.—Top, airplane view of pit system at blast-furnace plant. Lower 
left, showing strata in slag pit. Lower right, 18-year-old slag concrete being 
removed. 


instances engineers have insisted that the stone be washed in 
order to remove this dust. Producers will install washing 
equipment only as the purchaser demands it. The various sizes 
are combined as the material is run into the cars for shipment. 

Blast-furnace Slag.—Blast-furnace slag is the non-metallic 
product consisting essentially of silicates and alumino-silicates of 
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lime which is developed simultaneously with iron in a blast 
furnace.! Blast-furnace slag is produced in the kiln at the same 
time as the pigiron. In the furnace the slag rises to the surface of 
the molten mass and is drawn off at a higher level than the iron. 
The slag is placed in pits to cool. As drawn from the furnace it 
has a temperature of 3500°F. Granulated slag is produced by 
quickly cooling the molten slag with water. Air-cooled slag 
must be removed from the pit with a power shovel and taken to 
crushers to be reduced to the desired sizes as in a crushed stone 
plant. 

Chemical analysis limits for average blast furnace slags are 
given in the following table: 


Per Cent 
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The weight per cubic foot is usually at least 70 lb. for screened 
material between the 114-in. screen and the No. 4 sieve. The 
percentage of voids varies from 38 to 46. Specific gravity 
is about 2.3. 

Blast-furnace slag has been used as a concrete aggregate for 
many years in pavements, bridges, and buildings. Its use 
has been limited, of course, to the iron and steel manufacturing 
districts. The use of blast-furnace slag is increasing in the 
United States.? 

Cinders.—Cinders are produced as waste material from steam 
boilers using bituminous coal. They are hard, vitreous, granular, 
porous and light in weight. Cinders weigh about 45 lb. per cubic 
foot. They are used in buildings for floor and roof construction 
where there is no wetting and drying or freezing and thawing. 
They are commonly used in making a light-weight concrete 
building block. The cost is low since they are a waste material 
and may usually be had for the hauling. 


As defined by American Concrete Institute Committee E-5 on Aggregates. 

° Barpsiey, ‘Utilization of Blast-furnace Slag in Highway Improve- 
ment,” a bulletin of the School of Mines and Metallurgy of the University 
of Missouri. 
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Haydite.—Haydite is a patented light-weight aggregate made 
from shales ordinarily used in the manufacture of brick.! The 
shale is ground to a maximum size of lin. It is then burned in 
a rotary kiln of the same type as used in the manufacture of 
portland cement. The shale is fed in at one end and comes out 
at the other end finished except for crushing and screening. 
The temperature in the kiln at the discharge end is approximately 
2000°F. When the shale reaches the zone of this high tempera- 
ture, it becomes viscous, incipient fusion takes place, the carbon 
content is oxidized and formed into gas. As the gas escapes 
from the shale, the latter is expanded into a light-weight cellular 
structure. 

The product of the kilns is taken to a preparation plant where 
it is ground, screened and graded into the commercial sizes. 
The following sizes are available: 


Weight per 
Designation | Range of sizes | cubic foot, Use 
loose 

A or No. 6 0 to 3{¢ in. 56 lb. Fine aggregate 

Bor 4 in. 3{, to 4 in. 47 lb. Coarse aggregate for pre- 
cast concrete units 

C or 34 in. 37, to 34 in. 44 lb. Coarse aggregate for larger 
precast units and in re- 
inforced concrete. 


The specific gravity is approximately 2.52. 


Haydite aggregate concrete will weigh from about 90 to 100 
pounds per cubic foot as compared to 150 lbs. for sand and 
pebble or crushed stone aggregate. A typical chemical analysis 
is as follows: 


Per Cent 
MUNC Da. siSteio-0 o AO OD CRD LO Coosa Ere OIRO RCE OTR aC cuenta 59.48 
HMOMEOXLCLe Rees aa Accents Siete terse raecey cto, = © Grae se orci ailene 8.48 
Aluminum oxide..... 16.14 
Mia inesiiii OXI sari i epee eterna siete co eeKeke. 9 2.7 205 
TteaVes. 7, =: WES aes eee ee UO 7 CIRC ee ee er 8.64 
INTER o. oo eS Ieee Ocho: ccs 0S BENG Oe eae 4.42 
(Oss Gia ATMO, sAineioc ooo oo one oho de oo UatiCe Ome 0.69 


1 Manufactured by a number of companies in various parts of the United 
States and Canada under patents issued to S. H. Hayde of Kansas City, 
Missouri. 
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Fie. 35.—Views of Haydite manufacturing plant. 
conveyor. Center, handling from storage pile to lo 
grinding plant, 


Top, kiln and clinker 
ading chute. Bottom, 
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Results of a series of tests on Haydite concrete are given in 
the following table :! 


Strength in pounds per square inch 


Mix 7 days 14 days 28 days 60 days 
1:2:3 1,587 2,226 2,601 3 , 263 
1:2:3% 1,521 1,903 2,263 2,740 


It is reasonable to assume that concrete made with Haydite 
aggregate will be subject to the same laws as will concrete 
-made with the usual sand and pebbles or crushed stone aggregate. 
Richer mixes and higher curing temperatures, for instance, will 


Taste 4.—Stpve ANALYSES RESULTS OF SOME COARSE AGGREGATES 


Results in percentages passing 


Pebbles Crushed stone 
Sieve 
il 2 3 | 4 | 5 6 7 8 9 
2-in. 100 
1l-in. |100 98 96 100 80 100 
1-in. 93 89 60 50 100 
34-in. | 73 58 46 69 91 TH Dy 89 
1y-in. 5 19 
3¢-in. | 29 La 10 32 35 8 6 31 
Y4-in. 2 = 
No. 4 6 4 6 5 ize 9 
No. 8 7 1 
F. M. 6.84, 7.37] 7.388} 6.94; 6.40] 7.89) 7.19] 7.69] 6.68 


Number 1 was used in the construction of building No. 10 of the Victor Talking Machine 
Company, at Camden, N. J. in 1924. 

Number 2 was used in the Newark Bay bridge of the Central Railroad of New Jersey. 
Sampled at the scow. 

Number 3 was the same as No. 2 but was sampled at the mixer. 

Number 4 was used in the superstructure of the new Portland Cement Association building, 
in Chicago, in 1925. 

Number 5 was used in the construction of the Wacker Drive improvement in Chicago. 

Number 6 was used in concrete pavements in Urbana, IIl., 1926. 

Number 7 was used in concrete curb and gutter and sidewall: construction in Urbana, 1926. 

Number 8 was used in substructure of the Portland Cement Association building. 

Number 9 was used in the construction of the Wacker Drive improvement in Chicago. 


? Tests made by Wm. J. Putnam, at Urbana, IIl., for the Western Brick 
Company at Danville, Ill. Specimens were 6- x ota: ee Each 
value given is the average of at least three values. 
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produce greater strengths than the leaner mixes and lower 
curing temperatures. 

Haydite is being used principally in concrete building units 
and in floor and roof slabs. Other uses are being developed. 


VALUE OF TESTS ON AGGREGATE 


Concrete is a material which is put to many uses. Certain 
qualities in the aggregates are desirable and necessary in all 
cases while in others only special qualities are necessary. Clay 
and silt, for instance, may be tolerated in sand to the extent of 
Svper cent by weight for structural concrete but must be limited 
to about 2 per cent for pavement concrete, while durability is 
necessary for all kinds of concrete. 

Aggregates should be hard to resist grinding action; tough to 
withstand impact; durable to endure under variable weather 
conditions; strong to. stand up under Reavy. loads; sound to 
‘cement paste to bond or in order not to contaminate the cement 
paste; graded_ to make a workable concrete and one that is 
economical, or light in weight to make light-weight concrete. 
Further discussion of these qualities will be made in connection 
with each test. 

Deval Abrasion Test.—It has been found that aggregates 
which show a low loss in this test will generally be hard, tough, 
durable, and strong. This test is more generally used than any 
of the others. 

For crushed stone a sample consisting of 50 pieces weighing 
5,000 g. is prepared, dried, weighed, and placed in a cylinder of 
the Deval abrasion machine. The cylinder is 20 X 33 cm. and 
is set at an angle of 30 deg. with a horizontal shaft. The shaft 
is rotated at a speed of 30 to 33 r.p.m. for 10,000 revolutions. 
The sample is washed, dried, and weighed again. The wear 
value is taken as the percentage of the material which is finer 
than 14g in. at the conclusion of the test. When gravel is to 
be tested it is screened into four sizes and a charge of six small 
cast-iron spheres from the brick rattler are used. Otherwise 
the method is the same. Some testing has been done with 
slotted cylinders,.and probably as soon as enough correlating 
data are available, the slotted cylinders will be the standard. 

The French coefficient of wear, or the ‘‘French coefficient” 
as it is often called, is found by dividing 40 by the percentage of 
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wear. American practice is favoring the use of the percentage 
value rather than the French coefficient. 

Part of the popularity of this test in comparison with the 
others is due to the ease of manipulation. The only special 
apparatus necessary is the abrasion machine and it comes 
equipped with either two or four cylinders. A greater number 
of test pieces are used which makes the results more reliable. 

Dorry Hardness Test.—The hardness test consists of grinding 
both ends of a core of solid rock for 1,000 revolutions each on 
the Dorry hardness machine. The loss in weight per 1,000 
revolutions is taken as a measure of its hardness. The French, 
who originated the test, developed a coefficient of hardness which 
is found by subtracting one-third the loss in weight per 1,000 
revolutions from 20. Concrete used in highway surfaces, side- 
walks and warehouse floors may be subjected to considerable 
grinding at times. 

Toughness Test.—The toughness test is made by dropping a 
2-kg. weight from various heights on a cylinder of the rock which 
is 1 in. in diameter and 1 in. long. The first blow falls 1 em. 
and each succeeding blow falls 1 em. more than the preceding 
one. The height of the blow causing failure is taken as the 
toughness value. This test is stillused. Concrete in pavements, 
driveways and warehouse floors is subject to considerable impact 
at times and therefore it is necessary to have an aggregate which 
will not shatter easily under impact. 

Durability—tThere is no laboratory test for durability. We 
know from previous experience in building work what each of 
the various rocks will do. As a general rule it is advisable to use 
only those rocks in concrete which will weather well. 

Crushing Strength.—Crushing strength determinations are 
made on cylinders 2 in. in diameter and 4 in. long or on 2-in. 
cubes. The former is easily prepared with a diamond set core 
drill and a high-speed cutting tool to trim up the ends. Most 
rocks have crushing strengths far in excess of anything that may 
be secured with concrete, so that it is not necessary to make 
this test, except for informational purposes. 

Soundness.—Recently it has been discovered that some rocks 
which meet all the other requirements disintegrate after repeated 
freezing and thawing. Aggregate which cannot pass a freezing 
and thawing test is considered unsound. In case an aggregate 
cannot be actually frozen and thawed, an accelerated soundness 
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test has been devised. The aggregate is immersed in a saturated 
sodium sulfate solution for 20 hours and then heated in an oven 
at 100°C. for 4 hours, on each of 6 successive days. Not much 
data is available as yet along this line, but engineers are very 
much interested and are making studies. 

Clay and Silt Test—In this test a sample of the aggregate 
under examination is dried, weighed and washed until the wash 
water runs clean. It is then dried and weighed again. The 
material washed away during the test is considered as clay and 
silt. 

Small quantities of clay or silt are not harmful to the concrete 
strengths and engineers generally permit as much as 5 per cent. 


Fie. 36.—Spalling caused by a piece of chert in the aggregate. 


In pavement concrete there is a tendency for this material to 
come to the surface where it causes scaling or is easily worn 
away leaving a rough surface. Pavement engineers are inclined 
to limit the percentage to 2 per cent. 

Dust or dirt in the coarse aggregate is just as undesirable in 
the coarse aggregate as in the fine and should be watched as 
carefully. The limit for coarse aggregate should be only half 
as great as for the fine aggregate. The limits for both should 
be so placed that there will not be an excess finally in the con- 
crete. Considerable dust is produced in the crushing and 
handling of limestone, so that the amount of dust in this material 
may be excessive. Proper screening or washing will remove it 
at the plant but will not take care of that which is produced in 
handling on the job. 

Gradation.—Gradation is measured by the sieve-analysis 
determination. Small representative quantities of the material 
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are passed through sieves or screens, and the amounts passing 
or retained on each sieve or screen are determined. It is cus- 
tomary in connection with concrete aggregates to give the values 
in terms of the entire batch separated on each sieve or screen. 
In some kinds of work, sieve analyses are given in which the 
portions between each two sieves or screens are indicated. 
Results are given as passing or retained. Percentages passing 
are usually reported although values are usually first secured 
for the percentages retained. 

A graded aggregate is one which contains all sizes of particles 
between the extreme limits for that kind of aggregate. For 
fine aggregate the range extends from the 100-mesh sieve to 
the 14-in. sieve and for coarse aggregate from the 14-in. sieve to 
any maximum size as required by the work in hand. When all 
of the particles are of one size, it is known as a one-size material. 
A well-graded aggregate is one containing the proper amounts 
of the various sizes. 

A sieve analysis curve is a graphical presentation of a sieve 
analysis. The diameters of the openings of the sieves are 
platted to a direct scale as the abscissas and the percentages 
passing as ordinates. Typical sieve analyses curves are shown 
in Fig. 42. In some instances the diameters are platted to a 
logarithmic scale and in other cases the percentages retained are 
platted instead of the percentages passing. Most engineers now 
are used to the percentages passing and diameters of opening 
platted to a direct scale. 

The separation of the aggregate into two or more sizes is for 
the purpose of securing a certain combination of sizes for each 
batch. For the usual materials available the amount passing 
a 14-in. sieve should not be less than one-half the amount which 
will not go through, in order that the concrete may be workable. 
On the other hand the amount passing a 14-in. sieve need not 
be more than two-thirds the amount not passing, to provide 
the necessary workability. It is customary to separate the 
ageregate into fine and coarse sizes in order to be sure that the 
gradation comes within the above ranges. 

Variations in the gradation of the coarse aggregate from batch 
to batch are often sufficient to change the consistency of the 
concrete. One state highway department in 1927 required 
that the coarse aggregate be separated into three sizes and 
measured as such before being placed in the mixer. On con- 


62 PLAIN CONCRETE 


struction work where batches are turned out at regular intervals, 
it is necessary to secure uniformity from batch to batch without 
adjusting the amounts of materials each time. 

With concrete work done on the basis of the arbitrary propor- 
tions it is necessary to require that the aggregate be graded 
within certain limits, in order that the amount of mixing water 


Fia. 37.—Top, appearance of a well-graded concrete sand ranging in size up 
to 44 in. Bottom, appearance of same sand when separated into six different 
sizes. The width of the strips indicates the relative amounts of each size. 


needed will be such as to produce concrete of the necessary 
strength. For example, take the case of the 1:2:4 mix which 
is to be used with a slump of 4 in. The amount of aggregate 
passing the 14-in. sieve is one-half of that retained on the same 
sieve. The use of a fine sand will require more mixing water 
than will a coarse sand. The amount of cement used is the 
same in either case, hence with the fine sand the cement paste 
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is diluted more than with the coarse sand and has less strength. 
Fine coarse aggregate will also require more mixing water than 
will a coarser gradation. For arbitrary proportioning the 
gradation of the aggregate should be kept as coarse as possible, 
but not too coarse to produce workable concrete. If only one 
gradation of fine or coarse aggregate is available the proportions 


Fig. 38.—Top, appearance of a well-graded coarse aggregate ranging in size 
from 4 to 1144 in. Bottom, appearance of same aggregate when separated into 
three sizes: 14 to 3 in.; 34 to 34 in.; and 34 to 144 in. Width of material indi- 
cates amount of each size. ; 


of each should be adjusted so as to give concrete of the desired 
strength. 

When the water-cement ratio is specified the effect of propor- 
tions of fine and coarse aggregate is much less. In this method 
the contractor is required to keep the ratio of water to cement 
constant and to secure the desired workability by means of the 
quantity or gradation of the aggregate. The engineer then is 
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less directly interested in the gradation of the aggregates used. 
The only requirement is that the concrete be workable. The 
contractor is desirous of securing as much concrete as possible 
per bag of cement used. The most concrete is generally secured 
when the amount of aggregate larger than 14 in. is from one and 
one-half to two times the amount finer. Not much difference is 
noted in the yields for this range. The former will, however, 
give much more workable concrete. 

If it were possible, with arbitrary proportioning, to handle the 
supervision work easily in the field, probably the best practice 
would be to specify a gradation for the aggregate as it is to be 
used and permit the contractor to use any combination of 
materials which would give him that gradation. It is much easier 
to control the field operations if the gradations and proportions 
of fine and coarse aggregate are given, so that it is quite likely 
that the old procedure will be followed. 

Maximum size of aggregate has been mentioned several times 
without further comment as to the factors affecting its selection. 
The percentage of voids is decreased as the maximum size of 
aggregate is increased for a well-graded aggregate. Therefore 
it is advisable to use a maximum size as large as conditions will 
permit. The maximum size of aggregate should be limited to 
about one-fourth the minimum thickness of concrete used or to 
about one-half the minimum spacing between steel bars. Practi- 
cally, the maximum size of aggregate used is 2 or 214 in. In the 
case of reinforced concrete the problem is to get the concrete 
around the steel without any honeycombing. The tendency 
has been to use smaller aggregates than necessary. On massive 
concrete work large pieces of rock are frequently dropped into 
the fresh concrete. 

The smaller particles give workability to the concrete, but 
increasing the proportion of these sizes increases the surface area 
to be coated with cement paste and the volume of voids to be 
filled. Practice is to make the aggregate as coarse as possible 
in order that the amount of cement paste may be kept at a 
minimum or so that the dilution of the paste with water need 
not be so great. Theoretically all the cement paste that is 
necessary is enough to fill the voids in the aggregate and coat 
the surfaces of all the particles. Practically, a small excess is 
necessary to insure complete performance and to make the 
finishing operations easier. A balance must be kept between 
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increased sand content to give caput and increased pebble 
content to give more concrete. 


SPECIFICATIONS 


The tentative specifications of the American Society for 
Testing Materials are quoted in full herewith. Several other 
sets of specifications for aggregates may be found in the chapter 
on specifications. 

This A. 8S. T. M. specification is written with the idea that it 
will be a guide to the engineer writing his specifications rather 
than a specification which he can just copy or refer to. 


TENTATIVE SPECIFICATIONS FOR CONCRETE AGGREGATES 


A. S. T. M. Serial Designation C33-28T 


This is a Tentative Standard, published for the purpose of eliciting criti- 
cism and suggestions, and as such is subject to annual revision. 


Issued, 1928 


QUALITY OF AGGREGATES 


It is recognized that for certain purposes satisfactory results may be 
obtained with materials not conforming to these specifications. In such 
cases the use of fine and coarse aggregates not conforming to these specifica- 
tions should be authorized only under special provisions based upon labora- 
tory studies of the possibility of designing a mixture of materials to be used 
on the job that will yield concrete equivalent to the specified mixture made 
with material complying with these specifications in all respects. 


Fine AGGREGATE 


1. General Characteristics —Fine aggregate shall consist of sand or other 
approved inert materials with similar characteristics, or a combination 
thereof, having hard, strong, durable particles and shall conform to the 
requirements of these specifications. 

2. Deleterious Substances.—(a) The maximum percentages of deleterious 
substances shall not exceed the following values: 


Per Cent 

by Weight 
REemMovecabn ed ecatt sb10 Dey emt aniera ool cl oieis/erelelerel cl ioe tote 3 
SU a sa oo otshamou, he 5 Eo RO 0) 0 CF OOO C DIO Oe CORON AOR Teac ners Ot 1 
Ghoally oo ob oe 6 a ee BE OMe ID C0 2 ORS E REE IG OCR OER eT 1 
Rot arya TRIN WR Reasons dS Rear nn nn2 Do pole Aine ge ote 1 


Other local deleterious substances (such as alkali, mica, 
coated grains, soft and flaky particles)..........ssseeeeee oe 


66 PLAIN CONCRETE 


Norr.—It is recognized that under certain conditions maximum per- 
centages of deleterious substances less than those shown in the table should 
be specified. 

(b) The sum of the percentages of shale, coal, clay lumps, soft fragments 
and other deleterious substances shall not exceed 5 per cent by weight. 

(c) All fine aggregate shall be free from injurious amounts of organic 
impurities. Aggregates subjected to the colorimetric test for organic 
impurities and prodticing a color darker than the standard shall be rejected 
unless they pass the mortar strength.test as specified in Section 4. 

3. Grading. —(a) Fine aggregate shall be well graded from coarse to fine 
and when tested by means of laboratory sieves! shall conform to the follow- 
ing requirements: 


Per Cent 
Passing, a 26-In. SlCVC Widens sete eels ote ee alae « 100 
Passing av Nios 4 SI@ Vela cislslenie stalettere aiatensi sie (85) to (100) 
PaseingawNiow iG Sl6vemamearmitr es acres emt (45) to (80) 
Passing a, Now50'sievelemerr cetera aleccietetne eit (2) to (30) 
Passingya, Now lO0isie veneer aerate (0) to (5) 


Norr.—Figures in parentheses are suggested as limiting percentages but 
they may be altered within these limits to suit local conditions. 

(b) In case the concrete resulting from a mixture of aggregates approach- 
ing the extreme limits for gradation is not of a workable character, or when 
finished does not exhibit a proper surface, due to an excess of particles 
approximately 1¢ to 14 in. in size, either a fine aggregate having a sufficiently 
greater percentage of fine material, or a coarse aggregate having a sufficiently 
smaller percentage of fine material must be used. 

4. Mortar Strength—Fine aggregates, when subjected to the mortar 
strength test, shall have a tensile or compressive strength at the age of 7 
and 28 days of not less than (100)? per cent of that developed by mortar of 
of the same proportions and consistency made of the same cement and 
standard Ottawa sand. 


Coarse AGGREGATE 


5. General Characteristics—Coarse aggregate shall consist of crushed 
stone, gravel, blast-furnace slag, or other approved inert materials of similar 
characteristics, or combinations thereof, having hard, strong, durable pieces, 
free from adherent coatings and conforming to the requirements of these 
specifications. 

6. Deleterious Substances.—(a) The maximum percentages of deleterious 
substances shall not exceed the following values: 


L For detail requirements for these sieves, see the Standard Specifications 
for Sieves for Testing Purposes (Serial Designation: E11) of the American 
Society for Testing Materials, 1927 Book of A. 8S. T. M. Standards, Part IT, 
p. 917. 


* Percentages in parentheses are recommended but they may be altered 
to suit local conditions. 
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Per Cent 

by Weight 
Memoved oy decantation. ,..¢)-.a. les. 6 once eo 1 
OP OE re ener ee oe Shere edit otk ee eee 1 
CICERO en AR 1 
Canaries Steen ce. eee A Soe meee Sie OO) 8 ey Te 16 
OTC M 4 SACOG a een Reh 2 On Oe OR Oe ait i ie 5 


Other local deleterious substances (such as alkali, friable, 
thin, elongated, or laminated pieces)................... 


Notr.—It is recognized that under certain conditions maximum per- 
centages of deleterious substances less than those shown in the table should 
be specified. 

(b) The sum of the percentages of shale, coal, clay lumps and soft frag- 
ments shall not exceed 5 per cent by weight. ’ 

7. Grading.—(a) Coarse aggregate shall be well graded, between the 
limits specified, and shall conform to the following requirements: 


Per Cent by Weight 


Passing...... in. Sieve! or Screen 

(maximmumisizele aaa not less than (95) 
PASSIN Oe ee acs in. Sieve! or Screen 

(intermediate size)........ not less than (40) 

(one-half maximum size).. not more than (75) 
Passin pers in. Sieve! or Screen 

(intermediate sizes)....... not less than...... 

(as needéd re.) seh Ree not more than...... 
Passing No. 4 Sieve or a 14-in. Screen... not more than (10) 


Note.—Where a range is shown the engineer should use an appropriate 
figure within the limits recommended. The percentages in parentheses are 
recommended but may need to be altered to suit local conditions. 

(b) In case the concrete resulting from a mixture of aggregates approach- 
ing the extreme limits for gradation is not of a workable character, or when 
finished does not exhibit a proper surface, due to an excess of particles 
approximately 1 to 14 in. in size, either a fine aggregate having a sufficiently 
greater percentage of fine material, or a coarse aggregate having a sufficiently 
smaller percentage of fine material shall be used. 

8. Weight of Slag.—Blast-furnace slag that meets the grading require- 
ments of these specifications shall conform to the following minimum weight 
requirements: 


IBASCECOMCTE UG ea areal ere cree bier as 65 lb. per cu. ft. 
Surface concrete (subject to abrasion)...... 70 lb. per cu. ft. 


1 The question whether round or square openings shall be used for testing 
aggregates is now being studied by the Section on Coarse Screens of the 
Technical Committee on Size and Shape of Committee E-1 on Methods of 


Testing. 
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9. Durability Coarse aggregate shall pass a sodium sulfate accelerated 
soundness test, except that aggregates failing in the accelerated soundness 
test may be used if they pass a satisfactory freezing and thawing test. 

Norr.—Many engineers feel that an abrasion test for coarse aggregate to 
be used in concrete subject to abrasion is important, but no test limits 
are specified, due to the status of knowledge concerning suitable specifica- 
tion limits for this test. 


METHODS OF SAMPLING AND TESTING 


10. Methods of Testing —The properties enumerated in these specifica- 
tions shall be determined in accordance with the following methods of test 
of the American Society for Testing Materials, except as specified in Para- 
graphs (e), (g), (¢) and (9). 

(a) Sampling.—Standard Methods of Sampling Stone, Slag, Gravel, 
Sand and Stone Block for Use as Highway Materials, Including Some 
Material Survey Methods (Serial Designation: C41)1 

(b) Sieve Analysis Standard Method of Test for Sieve Analysis of 
Aggregates for Concrete (Serial Designation: C41).1 

(c) Decantation Test.—Tentative Method of Decantation Test for Sand 
and Other Fine Aggregates (Serial Designation: D136-22T).? 

(d) Organic Impurities—Standard Method of Test for Organic Impurities 
in Sands for Concrete (Serial Designation: C40).! 

(e) Mortar Strength—Methods of Making Compression and Tension 
Tests of Fine Aggregate for Concrete as adopted by the American Associa- 
tion of State Highway Officials. 

(f) Compresswe Strength—Standard Methods of Making Compression 
Tests of Concrete (Serial Designation: C39).1 

(g) Soundness.—Proposed Method of Test for Soundness of Coarse 
Aggregate (Sodium Sulfate Soundness Test). 1928 Proc. A. S. T. M. 

(h) Freezing and Thawing.—Method of Freezing and Thawing Tests of 
Drain Tile as described in the Standard Specifications for Drain Tile (Serial 
Designation: C4).1 

(i) Shale-—Proposed Method of Test for Percentage of Shale in Aggre- 
gate: 1928 Proc. A. S. T. M. 

(3) Soft Fragments.—Proposed Method of Test for Quantity of Soft 
Pebbles in Gravel. 1928 Proc. A. S. T. M. 

(k) Proposed Method of Determination of Coal and Lignite in Sand. 
1928 Proc. A. S. T. M. 

(1) Moisture.—Tentative Method of Test for Field Determination of 
Surface Moisture in Fine Aggregate (Serial Designation: C70-27T).* 

(m) Consistency—Tentative Method of Test for Consistency of Portland- 
Cement Concrete (Serial Designation: D138-26T).4 


11927 Book of A. 8. T. M. Standards, Part II. 

» Proceedings, Am. Soe. Testing Mats., Vol. 22, Part I p., 802 (1922); 
also 1927 Book of A. 8. T. M. Tentative Standards, p. 501. 

* Proceedings, Am. Soc. Testing Mats., Vol 27, Part I, p. 800 (1927); 
also 1927 Book or A. 8. T. M. Tentative Standards, p. 229. 

* Proceedings, Am. Soc. Testing Mats., Vol. 26, Part I, p. 874 (1926); 
also 1927 Book of A. S. T. M. Tentative Standards, p. 508. 
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(n) Weight of Slag—Standard Method of Test for Unit Weight of 
Aggregate for Concrete (Serial Designation: C29).! 

(0) Abrasion.—If abrasion tests are made the following methods of tests 
are recommended: 

(1) Abrasion of Gravel.—Tentative Method of Test for Abrasion of 
Gravel (Serial Designation: D—-28T).? 

(2) Abrasion of Rock or Crushed Slag.—Standard Method of Test for 
Abrasion of Rock (Serial Designation: D2),! except that for specific gravities 
lower than 2,2 a 4000-g. sample shall be used. 


Questions 


1. What materials may be used as mineral aggregate in concrete? 
2. What is the usual distinction between fine and coarse aggregates? 
3. What is the distinction between gravel (or pebbles) and crushed stone? 
4. What are igneous rocks? sedimentary rocks? metamorphic rocks? 
trap rock? 
5. Give characteristics of blast-furnace slag, cinders, and Haydite. 
6. What qualities are required for fine aggregate? for coarse aggregate? 
7. What qualities do the abrasion tests for aggregates measure? Why 
should there be different tests for crushed stone and pebbles? 
8. Explain reasons for having 
a. graded aggregates 
b. clean aggregates 
c. sound aggregates 
d. aggregates free from organic impurities 
9. What would be the effect on the concrete of an insufficient amount of 
particles in the fine aggregate passing the 50-mesh sieve? 


11927 Book of A. S. T. M. Standards, Part IT. 
2See 1928 Report of Committee D-4 on Road and Paving Materials. 


CHEUN PAU IRS, & 
MIXING WATERS AND ADMIXTURES 
Mrxinc WATER 


Mixing water for concrete is often restricted to water which is 
suitable for drinking purposes. Not all water, however, which is 
unsuitable for drinking is unsatisfactory for mixing water in 
concrete. No special tests have developed for determining the 
quality of mixing waters, so that it is difficult for the man in the 
field to judge the fitness of the water. If there is any question 
about the water, samples should be sent to a laboratory where 
they may be compared with water which is known to be satis- 
factory. The comparison should be made by means of strength 
tests on mortar or concrete. 

Tests were made at Lewis Institute, Chicago, Ill., on a large 
number of samples of water. The report on these tests says in 
part :} 

. inspite of wide variations in the origin and type of waters used, 
and contrary to accepted opinion, most of the samples gave good results 
in concrete . . . The following samples gave concrete strengths 
below the strength ratio of 85 per cent which was considered the lower 
limit for acceptable mixing waters: acid water, lime soak from tannery, 
refuse from paint factory, mineral water from Colorado, and waters 
containing over 5 per cent common salt. 


The effect of sugar and similar compounds was not included in the 
investigation. These are known to reduce the strength consider- 
ably and should be avoided. 


Hypratep Limg 


Hydrated lime is quicklime which has been mixed with 
about one-third of its weight of water. Quicklime is produced 
by heating limestone to a temperature of 800°C. or over. 

‘ ABRAMS, Durr A., “Tests of Impure Mixing Waters for Mixing Con- 


crete,” Proc. Am. Concrete Inst., Vol. 20 (1924) reprinted as Structural 
Materials Research Laboratory of Lewis Institute Bull. 12. 
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Hydrated lime is sometimes used as an admixture in concrete to 
increase its workability and waterproofness. 

Production of Quicklime."—A pure limestone corresponds in 
composition to calcium carbonate (CaCOs;) and if heated to a 
temperature of 800°C. or over is separated into lime (CaO) 
and carbon dioxide (CO2). One hundred pounds of limestone 
will produce about 56 Ib. of lime. 

Most limestones contain some magnesia, which is then evident 
in the limes produced. For commercial purposes, however, 
those limes which contain less than 5 per cent magnesia are 
marketed as pure or high-calcium limes, and those containing 
“more are known as magnesian limes. Most magnesian limes 
contain about 30 per cent magnesia. They are slower slaking 
and cooler than the high calcium limes, and less plastic or 
smooth. 

The limestone may be burned in either an intermittent or 
continuous kiln. In the intermittent type the kiln is charged, 
burned, cooled, and the charge withdrawn as a cycle of operation. 
The process is slow and is used only where the demand for lime is 
slight and intermittent. 

There are several types of continuous kilns: vertical kilns with 
mixed or separated feeds; and rotary kilns. Limestone and fuel 
are fed in alternate layers into the vertical kilns with the mixed 
feed. As the burning process continues lime is drawn off at the 
bottom and more limestone and fuel are added at the top. In 
the other type of vertical kiln, the limestone and fuel are kept 
separate. The heating of the limestone is accomplished by the 
fuel gases which are passed through the limestone. The latter 
type of vertical kiln is used more generally than the former. 
These kilns vary from 35 to 50 ft. in height and 5 to 8 ft. in 
diameter. 

The use of the rotary kiln in the manufacture of portland 
cement caused lime manufacturers to experiment with its use in 
the production of lime. The consumption of fuel is high in the 
rotary kiln and some difficulty is experienced in maintaining the 
proper temperatures. Users of unhydrated or quicklime, object 
to anything but lump lime, which is difficult to produce in the 
rotary kiln. Rotary kilns may be used in the production of 
lime which is later to be hydrated. 

1For a more complete discussion, see Ecxrn, “Cements, Limes and 
Plasters.”’ 
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Hydrated Lime.—There are three stages in the process of 
hydrating lime: (1) grinding of the lump quicklime; (2) mixing 
with water; and (3) sieving. The extent to which the lump 
quicklime is ground varies somewhat. In certain plants, 
the material is reduced only until it passes a 14- or 1-in. sieve, 
which in others it is all ground so that about 80 per cent will 
pass through a 50-mesh sieve. 

The lime is now ready to be mixed with water, which is done in 
a pan with agitators, or in a horizontal cylinder. In some cases 
all the lime and water for a batch are put in the pan or cylinder 
at one time, while in others not all the lime is added until after 
part of the batch has been partially mixed. The amount of 
water necessary for slaking varies with the character of the 
lime. Approximately 55 lb. is necessary per 100 lb. of high 
calcium lime and 30 lb. per 100 lb. of magnesian lime. 

Following the slaking operation the hydrated lime is placed 
in bins for 48 hours or more, after which it is ready for use. 
Before packing, the coarser particles are removed by sieving or 
air-separating devices. 

Bagging.—Hydrated lime is shipped in either heavy, closely 
woven burlap or duck bags containing 100 lb. each, or in paper 
bags containing 40 lb. 

Specifications—The A. S. T. M. specifications for hydrated 
lime are quoted herewith. 


SPECIFICATIONS FOR STANDARD HypRATED LIME FOR 
STRUCTURAL PURPOSES 


A.S.T. M. Serial Designation C6-24 


1. Scope.—These specifications cover two classes of hydrated lime: 
namely, masons’ hydrate and finishing hydrate. 

2. Uses.—a. Masons’ hydrated lime may be used for seratch or brown 
coat of plaster, for stucco, for mortar, and for addition to portland- 
cement concrete. 

b. Finishing hydrated lime may be used for any of the purposes 
enumerated in Paragraph a for mason’s hydrated lime, and in addition 
it may be used as an ingredient in the final or white coat of plaster. 


REQUIREMENTS 


3. Masons’ Hydrate—Masons’ hydrated lime shall conform to the 
chemical and physical requirements herein specified except that for 
plasticity, specified in Sec. 8. 
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4. Finishing Hydrate—Finishing hydrated lime shall conform to all 
chemical and physical requirements herein specified including that for 
plasticity, specified in Sec. 8. 

5. Chemical Properties—a. Carbon dioxide-—Carbon dioxide in the 
sample shall not exceed 5 per cent if the sample is taken at the 
place of manufacture, or 7 per cent if the sample is taken at any other 
place. The percentages in both cases are based on the non-volatile 
portion (see Sec. 9). 

b. Calcium and Magnesium Oxides.—Calcium and magnesium oxides 
shall constitute not less than 95 per cent of the non-volatile portion 
(see Sec. 9). 

6. Fineness.—The sample shall leave a residue of not more than 0.5 
per cent on a No. 30 sieve, and not more than 15 per cent on a No. 200 
sieve (see Sec. 10). 

7. Soundness.—If the steam has no visible effect on the pat (see 
Sec. 11), the sample shall be reported as being “sound.” If the pat 
disintegrates, the sample shall be reported as being unsound, and the 
shipment rejected. If the pat cracks, pops, or shows other minor defects, 
it shall not be reported as either sound or unsound, but its behavior 
shall be noted. 

8. Plasticity Finishing hydrated lime shall have a plasticity figure 
of not less than 200 (see Sec. 13). 


Metuops or TEST 


9. Chemical Analysis—The chemical analysis of the hydrated lime 
shall be made in accordance with the Tentative Methods of Chemical 
Analysis of Limestone, Quicklime, and Hydrated Lime (Serial Desig- 
nation: €25-27T) of the American Society for Testing Materials.! 

10. Fineness.—Fineness of hydrated lime shall be determined as 
follows: 

One hundred grams of the sample as received shall be placed on a 
No. 30 sieve which shall be nested above a No. 200 sieve. The material 
shall be washed by means of a stream of water from a faucet. The 
washing shall be continued until the water coming through the sieve is 
clear, but in no case should the washing be continued for more than 30 

‘min. The residues on both sieves shall be dried to constant weight in 
an atmosphere free from carbon dioxide at a temperature between 100 
and 120°C. The weights shall be calculated to percentages of the 
original sample, the weight of the material retained on the No. 30 sieve 
being added to the weight of the material retained on the No. 200 sieve 
to obtain the correct weight of the material retained on the No. 200 
sieve. 


1Proc. A. S. T. M., Vol. 27, Part I, 1927; also A. 8S. T. M. “Tentative 
Standards,”’ p. 194, 1927. 
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The sieves used shall conform to the requirements of the Standard 
Specifications for Sieves for Testing Purposes (Serial Designation: E11) 
of the American Society for Testing Materials. 

A piece of rubber tubing attached to a water faucet is to be used for 
the washing. The velocity of the water may be increased by pinching 
the tubing, but should not be sufficient to cause any splashing of the 
sample over the sides of the sieve. 

Care must be taken not to let water accumulate on the No. 200 
sieve, else the openings will become clogged and the operation cannot be 
completed in 30 min. 

11. Constancy of Volume.—Constancy of volume shall be determined as 
follows: 

To 20 g. of the sample, 100 g. of standard Ottawa sand shall be added, 
mixed thoroughly and enough water added to the mixture to make a 
good plastic mortar of rather dry consistency. This shall be spread on a 
clean glass plate to form a layer about 14 in. thick by 4 in. square. 
The pat shall be of even thickness throughout, and not tapering at the 
edges. If the mortar is too dry to work well, more water may be added. 
The pat shall be placed in a closet for 24 hours. The temperature 
in the closet shall be between 65 and 75°C. (18 and 24°C.), and there 
shall be free circulation of air, but no direct draft striking the pat. The 
pat shall then be soaked in water until a film of water stands unabsorbed 
on the surface of the pat. If the pat has cracked, the consistency of the 
mortar was too wet and a new pat must be made. Two or three pats 
made at the same time from mortars of slightly different consistencies 
will avoid delays. 

Twenty grams of the sample shall be mixed with enough water to 
form a thick cream. This shall be spread in a thin layer on the surface 
of the pat. It shall be allowed to stand for 15 min. to permit air bubbles 
to form. It shall be trowelled to an even surface, making this skim 
coat as thin as possible without allowing the sand to show through. 
The pat shall be put in the closet, under the conditions specified above, 
for 24 hours. It shall be examined carefully to see that there are no 
cracks or pops. The pat shall be suspended in a vessel partially filled 
with cold water, in such a way that the water can boil without touching 
the pat. The water shall be brought gradually to boiling and kept 
boiling gently for 5 hours, the pat being surrounded by steam during 
this time. The water shall then be permitted to cool for at least 12 
hours. The pat shall then be removed and examined. 

12. Consistency.—Consistency of lime putty shall be measured as 
follows: 

The lime shall be made into a stiff putty with water and permitted 
to soak over night. It shall be molded in a ring such as is used with a 
Vicat needle, resting the specimen on a glass plate. 
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The needle used is a modified form of Vicat needle, 12.5 mm. in diam- 
eter and weighing 30 g. This may conveniently be made from a 
suitable piece of aluminum tubing. The lower end should be closed 
without shoulders or curvature, and the tube loaded with shot to the 
specified weight. It is mounted in the Vicat needle stand. 

The initial reading shall be taken with the bottom of the needle 
in contact with the surface of the sample. The final reading shall be 
taken 30 sec. after the plunger is released. A penetration of 20 mm. 
shall be considered standard. 


oo 


Fig. 39.—Emley plasticimeter. 


If the penetration is less than standard, the sample may be removed 
from the mold, mixed with more water, and retested. If the penetra- 
tion is more than standard, the sample shall be discarded and a new one 

repared. 
‘4 The ring and the Vicat needle stand are described in the Standard 
Specifications and Tests for Portland Cement (Serial Designation: 
C9) of the American Society for Testing Materials. 

13. ‘Plasticity.—Plasticity shall be determined by means of the appara- 
tus shown in Fig. 39 as follows: Three hundred grams of the sample shall 


1See Test no. 3. 
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be mixed with enough water to form a thick putty. After aging in a 
vessel covered with a damp cloth for not less than 16 nor more than 24 
hours, this putty shall be adjusted to standard consistency, as defined 
in Sec. 12, with a permissible variation of +5 mm. 

A ring such as is referred to in Sec. 12 shall be lubricated with a thin 
film of water, placed on a porcelain base plate, filled with the paste and 
struck off level. The mold shall be removed by raising it vertically 
without distorting the paste. The base plate and paste shall be placed 
in the instrument and the carriage turned up by hand until the surface 
of the paste is in contact with the disk and the distance between the 
disk and the top of the base plate is 114 in. 

The carriage shall be thrown into gear and the motor started. It is 
essential that the motor shall be started exactly 120 sec. after the first 
portion of the paste has been put in the mold. The time when the first 
portion of paste is put in the mold shall be recorded as zero time—the 
motor is therefore started at 2 min. 

Care shall be taken to protect the specimen from drafts during the 
test. 

The scale reading shall be recorded every minute until the test is 
completed. 

The test shall be considered complete when (a) the scale reading 
reaches 100; (b) any reading is less than the one before; or (c) the scale 
reading remains constant for three consecutive readings (2 min.) and 
the specimen has visibly ruptured or broken loose from the base plate. 

The time and the scale reading at the end of the experiment shall be 
noted. The plasticity figure shall be calculated from the formula 
P= /F2+ (1072, in which P is the plasticity figure, F is the scale 
reading at the end of the experiment, and 7 is the time in minutes 
from when the first portion of paste was put in the mold to the end of 
the experiment. 

After each test, the porcelain base plate shall be washed with hot 
water, treated with dilute hydrochloric acid to remove any lime from 
the surface pores, washed again with water, to remove the acid, dried 
by heating above 100°C., and cooled to room temperature before it is 
used again, 


SAMPLING, INSPECTION, REJECTION, Erc. 


14. Sampling, Retesting, Packing, Marking—The sampling, retest- 
ing, packing and marking shall be conducted in accordance with the 
Standard Methods of Sampling, Inspection, Packing, and Marking of 
Quicklime and Lime Products (Serial Designation: C50) of the Ameri- 
can Society for Testing Materials. 
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CatLcium CHLORIDE 


Calcium chloride is used in concrete work for the following 
purposes: 

1. Sprinkled on surface for curing purposes. 

2. Mixed integrally for curing purposes. 

3. Mixed integrally to lower the freezing temperature of the 
water and to hasten the early hardening of the concrete. 

Production.—Calcium chloride as produced commercially 
today is derived from one of two sources. In some localities 
natural brines occur which contain a sufficient quantity of 
calcium chloride to warrant its extraction on a commercial 
basis. It is also produced as a by-product in the manufacture 
of soda, made by the Solvay process. A certain liquor is secured 
which contains essentially sodium chloride and calcium chloride. 
In either case commercial calcium chloride is produced by 
evaporating the water from the concentrated liquors and by a 
specially patented operation the flake form is obtained. 

Specifications.—The A. 8. T. M. Specifications for calcium 
chloride are quoted herewith. The same grade is used for 
curing of concrete, either integrally or sprinkled on the surface, 
as is specified for dust prevention. 


TENTATIVE SPECIFICATIONS FOR CALCIUM CHLORIDE FOR Dust 
PREVENTION 


A: 8. T. M. Serial Designation: D98-22T 
1. Material Covered—These specifications cover calcium chloride to 
be applied to the surface of highways as a dust preventive. 
I. PROPERTIES AND TESTS 


2. Physical Properties —The calcium chloride shall be in the form of 
loose dry lumps or flakes, and fine enough to feed readily through the 
eommon forms of spreaders used in road work, and when tested by means 
of laboratory screens and sieves shall meet the following requirements: 


Per Cent 
Passingasg-10- SCLCCM. 4... eee oc eles = 100 
Retaimed on L4-1), SCLC: aa. oe «cn re oo not more than 20 
Pagsing’ No. 20'sieve.. 0:00.26 e- eee not more than 10 


3. Chemical Composition—Ten grams of the material dissolved in 
100 ce. of boiling water shall show less than 1.0 per cent insoluble 
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residue. Not more than 1.0 cc. of normal acid shall be required to 
neutralize the alkalinity of the filtrate, using methyl orange. The 
chemical composition shall conform to the following requirements: 


Per Cent 
CAG Ghdlay ol), ccsnogeacccc ec adams not less than 73 
Ma Clana tiencit en tenccceenis ar siensctinen -ecpeteneheneg: not more than 0.5 
Lath G) Feuer, feet ate bison Pe cutee: is B' ote not more than 2.0 
Otherampurities = == eae ee eee not more than 1.0 


The percentage of calcium chloride shall be calculated from the per- 
centage of calcium in the filtrate above referred to, after making a deduc- 
tion for the SO., which shall be assumed to be in combination as CaSOx. 


II. PAckAGES 


4. Packages——The calcium chloride shall be delivered in air-tight 
moisture-proof bags or sacks containing approximately 100 lb. each, 
or in air-tight steel drums weighing not more than 350 lb. each. The 
name of the manufacturer, the lot number, the approximate net weight, 
and the percentages of calcium chloride guaranteed by the manufacturer 
shall be plainly marked on each container. 


Ill. INsprectTion 


5. Inspection.—Every facility shall be provided the purchaser should 
he elect to have his own representative sample the material at the plant. 
If the purchaser decides to sample the material after delivery in the 
field it is understood that a 3 per cent variation in content of CaCl, from 
the chemical composition stated in Sec. 3 shall be permissible. 

6. Rejection.—Calcium chloride shall be rejected if it fails to pass any 
of the requirements of these specifications and if it has become caked 
or sticky in the containers before opening. 


IV. Basis or PAYMENT 
7. Basis of Payment—Payment will be made on the basis of total 


number of pounds of 100 per cent calcium chloride delivered. 


DIATOMACcEOUs Sruica! 


Diatomaceous silica is composed of the remains of the simplest 
form of plant life called “diatoms” which are found in both 
fresh and salt waters. The diatoms perpetuate themselves by 
dividing into two complete diatoms every day or two. The 
microscopic material which forms the body of the deposits of 


1 Celite is the trade name of the product in most common use. 
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diatomaceous silica is pure silica secreted from the water in 
which the diatoms lived. 

It is thought that the diatoms which form the principal 
deposit of diatomaceous silica and which is located at Lompoc, 
Calif., were grown in much colder waters to the north and that 
the sudden change in temperature which took place as a result 
of their movement by ocean currents to southern waters caused 
them to die in large numbers. This deposit covers many square 
miles and varies in depth from 900 to 1,400 ft. Deposits are 


Fia. 40.—A deposit of diatomaceous silica. 


covered with earth and rock necessitating extensive operations 
for their removal. 

All deposits of diatomaceous silica contain varying amounts 
of foreign materials, such as earth or clay, so that care must be 
exercised in selecting the raw material to be prepared. The 
diatomaceous silica is ground so that 95 per cent will pass 
through a 200-mesh sieve and thoroughly mixed 50 that over 
90 per cent is pure silica. The prepared material is extremely 
light, weighing about 10 lbs. per cubic foot. 

Diatomaceous silica is used as an admixture in concrete, 
principally to improve its workability. The quantity depends 
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upon the mix and in general more of the admixture should be 
used in the leaner mixes than in the richer ones. The amounts 
used are shown in the following table: 


Diatomaceous earth, 


: pounds per bag of cement 
Mix 
Limits Average 
1:14%:3 1144 to 3 2 
1:2:3% 2 to4 3 
1:2:4 2 to4 3 
1:24%:5 3. to 6 4 
1:3:6 4 to8 5 


It is added with the other materials as they are placed in the mixer. (See also the chapter 
on Workability and Waterproofness for further discussion.) 


Specifications—No_ specifications for diatomaceous silica 
have been prepared by the A. 8. T. M. Engineers are using the 
following specifications which are recommended by a producer 
of this material: 

Diatomaceous silica for use in concrete or hydraulic cement 
composition shall be finely divided Plankton Marine diatomace- 
ous silica substantially free from clay and crystaline silica and 
shall conform to the following requirements: 

1. Fineness.—Not more than 8 per cent by weight of the mate- 
rial shall be retained on a 200-mesh sieve. 

2. Weight per Cubic Foot—An air-dried sample shall not weigh 
more than 10 lb. per cubic foot when fluffed through an 8-mesh 
sieve. 

3. Moisture Content.—The material shall not contain more than 
7 per cent by weight of moisture. 

4. Loss on Ignition—A moisture-free sample of the material 
shall not show a loss on ignition at 1800° of more than 7 per 
cent. 

5. Silica and Alumina Content—An ignited sample shall con- 
tain at least 91 per cent of silica and not over 4 per cent of 
alumina. 

6. Settling Test—Settling tests with distilled water shall show 
not less than 55 per cent of the material remaining in suspension 
after 20 min.; and after 5 hours settling tests shall show not more 
than 28 nor less than 16 per cent remaining in suspension. 
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Questions 


1. What kind of water may be used for mixing water in concrete? 

2. What is quicklime? hydrated lime? Describe manufacture of each. 

3. Give reasons for use of hydrated lime in concrete. Why can not quick- 
lime be used? : 

4. What is calcium chloride? Give reasons for its use in concrete. 

5. What is diatomaceous silica? Give reasons for its use in concrete. 


CHAPTER 6 
THEORIES OF PROPORTIONING 


Concrete is a material composed of cement, water, and mineral 
aggregate which develops strength with age. Strengths are 
influenced by many factors, such as quality and quantity of 
cement, water and aggregates, thoroughness of mixing, tempera- 
ture of unmixed materials and of the concrete during and after 
placing, and the method of curing. The determination of the 
proper amounts of given materials to use to produce, at a certain 
age, concrete of a given strength under given conditions of 
mixing, placing and curing is known as proportioning. 

In the early days of concrete, strengths were low at 7 to 10 
days with the result that all strength tests were made at ages 
of 28 days or greater. The tendency has always been to develop 
greater strengths at earlier ages but until recently the practice 
has been to make the tests only at 28 days. Since the World 
War special efforts have been made to develop whatisknown as 
high early strength concrete (see Chap. 11) so that today many 
strength tests are being made at ages under 28 days. 

From the number of factors enumerated above it is apparent 
that no mathematical formula may be developed from which 
the strength of concrete may be predicted for any combination 
of conditions. A number of investigations have been carried 
out at various times to determine a basis for proportioning but 
in each case certain items were not varied and today we 
cannot be certain of our field strengths until after tests have 
been made. 

In this chapter are presented brief summaries of the scope, © 
the methods used, and the results of major investigations of 
concrete proportioning, and information concerning empirical 
and trial proportioning. Since the studies were all made under 
laboratory conditions and as indicated before, not all of the 
variables present in the field were included, it is not possible to 
predict field strengths accurately from these results. Certain 
information of value may be secured from each investigation 
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and if conditions under which the tests were made are borne in 
mind, no great conflict of ideas will result. The quality of the 
cement has been improved since the last of the investigations 
were made, and the strength curves are lower than can be 
expected today. 

Empirical Proportioning—The oldest and most used form of 
proportioning is that in which the amounts of the dry materials 
are arbitrarily selected. This method has in a general way 
proved satisfactory and is likely to be extensively used for some 
years to come because of the simplicity of its application and 
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Fia. 41.—Relation between amount of mixing water and compressive strength 
for a 1:214:4 mix. Batches with water-cement ratios less than 0.9 were not 
workable, although the one with the 0.8 ratio was not particularly so. 


Each point platted is the average value for 15 cylinders, 3 of which were made on each of 
five different days. The concrete was machined mixed, molded in the standard manner, 
cured in a moist room at 70°F., and tested at 28 days. 


because more people are familiar with it than with any other 
method. On larger and more important work where money is 
available for supervision, strengths are being specified and tests 
made. Where empirical proportioning is used, the qualities 
and quantities of the cement and aggregate are specified for each. 
The exact amount of water, however, is not given, it being 
intended that the desired consistency shall be obtained by 
varying the amount of mixing water. Some control over the 
amount of mixing water is exercised when the consistency of the 
concrete is specified. On jobs where the consistency is not care- 
fully controlled, wide variations in strength may result from the 
use of different amounts of mixing water. The curve in Fig. 41 
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shows how much the strength of a 1:2}¢:4 mix may be varied 
by the use of different amounts of mixing water. The batches 
with water-cement ratios less than the one giving maximum 
strength are too dry and are not considered workable. For 
arbitrary proportions the amount of mixing water should be 
kept at a minimum in order to secure the greatest amount of 
strength. 
Proportions commonly used for various classes of work are: 


JRYEODUKOINAEC | COMMORVE, os accccbuebccdcs ae 122245 or 12h 34 
Mass concrete...) 2c ae seer ane che tl tere 12375) or 1326 
Pavement concrete. seen aa ade eee lect omm On Uacaaea 
Pavement: basestaneaean- aioe ners 1:216:4 or 1:3:5 
Sidewalks a eis de aie ee ee ee 122335 or le2-4 


FULLER AND THOMPSON’S STUDIES 


William B. Fuller and Sanford E. Thompson made some studies 
about 1905 of the effect of different gradations of aggregate upon 
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Fig. 42.—Combination of two aggregates to agree with Fuller’s ideal curve. 


strength and density of the concrete produced. Most of the 
work was done in connection with the Jerome Park Reservoir i in 
the Bronx district, New York.! 

At that time aggregate was used as it came from the pit or 
from the stone crusher, no attempt being made to separate the 


‘Futter and Tuompson, “The Laws of Proportioning Concrete,” 
Trans. Am. Soc. of Civil Eng., Vol..59, pp. 67-143. 
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aggregate into two sizes such as we do now. The aggregate 
usually contained an excess of fine material and it was the purpose 
of the authors to determine a gradation of aggregate which under 
average conditions would be the best. An ideal sieve analysis 
curve, since known as Fuller’s ideal curve, was developed. 
Data for platting these curves is given in Table 6 and the curve 
for a combination of sand and pebbles is shown in Fig. 42. 


TaBLE 6.—Data ror Prorrina Fuuuer’s Ipran Curve 


St? 


Intersection of ; Axes of ellipse 
tangent with ver- 5 pes ee 
Materials tical at zero diam-| 2°" : ee 
eter, point A in seer at a b 
Fig. 42 ea 
Crushed stone and 
sand 28.5 oti 7 1.150D! | 30.4 
Pebbles and sand 26.0 33.4 0.164D! | 28.6 
Crushed stone and 
screenings 29.0 36.1 0.147D!/| 30.8 


1 D is the maximum diameter. 


At the time of Fuller’s work the mixes in common use were 
rather lean. The ideal curve as shown in Fig. 42 is for all the 
dry materials, including the cement. If we were to use the 
curve today with the rich mixes now common, the proportion of 
sand would be low and the concrete might be harsh and unwork- 
able. The present tendency is to increase workability by using 
larger amounts of fine material thus making Fuller’s ideal curve 


impractical. 


Example of Use of Ideal Curve.—Given sand and pebbles aggregates 
whose sieve analyses are given in Table 7 and whose curves are platted in 
Fig. 42. The problem is to combine these two materials in such a way that 
the curve of the combined materials will approximate the ideal curve as 
shown. Probably the easiest way is to try a number of combinations 
and select the one agreeing most closely. 

For the first trial, try a combination of 40 per cent sand and 60 per cent 
pebbles. Tabulate the sieve analysis values for each material, as shown in 
Table 7. ‘To figure the sieve analysis of the combination assume that a 
batch of 100 Ib. is being used, of which 40 lb. are sand and 60 lb. pebbles. 
Based on the sieve analyses of each material figure the weights of sand and 
pebbles passing each of the sieves, as given in columns 4 and 5. Add values 
in columns 4nd 5 and record asin column 6. Figure percentages for values 
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in column 6 and record as in column 7. Plat curve for combined aggregate. 
If this curve does not agree closely with the ideal curve, try another com- 
bination. In this case, a combination of 37 per cent of sand and 63 per cent 
of pebbles aggrees most closely to the ideal curve. 

The ideal curve was worked out to produce maximum density of the dry 
materials and when used the percentage of cement is subtracted from the 
value found above for sand to get the actual value for the latter. Much 
more workable concrete may be secured if the percentage of sand is used 
as determined. 


TapLE 7.—CoMPuUTATION OF SinvE ANALYSIS OF COMBINED AGGREGATE 
SDE Ege RE SMa tt AG EAT 


Sieve analysis, F 
individual ao Combined aggregate, ! Sau: 
Sieve rials, per cent weights passing, pounds se 
designation passing - ages 
7 2 
Sand | Pebbles| Sand | Pebbles |Combined| P*~ © 
100 4 0 1.6 0 1.6 2 
48 10 0 4.0 0 4.0 4 
28 25 0 10.0 0 10.0 10 
14 51 0 20.4 0 20.4 20 
8 78 (0) 3122 0 Sle, sl 
4 97 0) 38.8 0 38.8 39 
3¢-in. 100 10 40.0 6.0 46.0 46 
34-in. 100 50 40.0 30.0 70.0 70 
114-in. 100 97 40.0 58.2 98.2 98 


1 Total weight 100 lb. composed of 40 Ib. of sand and 60 Ib. of pebbles. 
2 Percentages are recorded to the nearest whole per cent. 


General Observations.—Certain observations about strength 
and imperviousness were made by the writers and have since 
been quoted many times. The first observation was that, other 
things being equal, the concrete with the greater amount of 
cement in it would be the stronger. Investigations since Fuller’s 
indicate that the concrete with the smaller water-cement ratio 
will be the stronger even though the amount of cement may be 
less. Ordinarily, for instance, a 1:2:3'6 mix will have more 
cement than a 1:2:4 mix and will be stronger provided the 
consistencies are the same. It is possible, however, for more 
mixing water to be used in a 1:2:314 than in a 1:2:4 mix, in 
which case the latter will be the stronger, and the consistency 
of the former will be much wetter. Or, if the same water-cement 
ratio is used in both, they will be of essentially the same strength. 
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The second observation was that, other things being equal, the 
densest concrete would be the strongest and most impermeable. 
Density alone is not a measure of strength or impermeabil- 
ity. Two concretes of the same density may have strengths far 
apart. Fuller was varying the gradation of the aggregate, but 
keeping the ratio of cement to total aggregate constant so that 
as the density changed, the amount of mixing water had to be 
varied to produce the same consistency. With greater densities 
secured through gradation less mixing water was needed, which in 
turn reduced the water-cement ratio and increased the strength. 
With the increase in strength the resistance to flow of water 
' was greater. 

Fuller and Thompson made no effort to determine a method 
of estimating concrete strength, their work being entirely with 
the aggregates. The amount of cement to use was left to the 
judgment of the person determining the proportions. The 
investigators observed, as previously noted, that with greater 
amounts of cement the strength of the concrete was increased. 
Average strengths were determined for the various mixes in 
common use and these were then taken as the basis for the 
selection of the cement factor. 


ABRAMS’ STUDIES 


About 1915, or approximately 10 years following Fuller and 
Thompson’s work, the manufacturers of portland cement, 
through the Portland Cement Association, established a labora- 
tory at Lewis Institute, Chicago, with Duff A. Abrams in charge, 
for the purpose of studying concrete problems. For a number 
of years, various individuals had been advancing different ideas 
about the factors affecting the strength of concrete. The first 
study undertaken by the new laboratory was one to determine 
the relationship between mixing water, gradation of aggregate, 
and richness of mix, and thus settle the controversy. Other 
items such as quality of cement and aggregates, method of 
curing, curing temperatures, and age were kept constant. The 
cement used was a mixture of four brands available on the 
Chicago market. The aggregates were from Elgin, IIL, and 
consisted of sand and pebbles. Results were published in 1918 
in Bull. 1 of Lewis Institute, entitled ‘‘The Design of Concrete 


Mixtures.”’ 
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The most important result of the investigation was the 
principle that “with given concrete materials and conditions of 
test, the quantity of mixing water used determines the strength 
of the concrete, so long as the mix is of a workable plasticity.’’4 
The quantity of mixing water is expressed by a new term, the 
water-cement ratio, which is the ratio of the volume of mixing 
water to the bulk volume of cement. For a water-cement ratio 
of 1, 714 gal. of water are used per sack of cement. 
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Fia. 43.—Relation between water-cement ratio and compressive strength as 
determined by Abrams. 


This curve is based on test specimens made under laboratory conditions and with a 
mixture of four.cements. Since these tests were made the manufacturers generally have 
increased the quality of their cements, so that today this is a conservative curve. The 
concrete was made and cured at a temperature of approximately 70°F. 


For the materials used and the conditions of the tests, Abrams 
found the following relationship to exist between water cement 
ratio and strength: 

14,000 
S= a ae 
in which S = strength in pounds per square inch at 28 days, and 
x = the water-cement ratio, and which is shown graphically in 
Fig. 48. The water-cement ratio-strength law holds true 
regardless of the gradation of the aggregate, the mix, or the 
consistency, so long as the concrete is workable. It must be 
remembered that this law is based on laboratory tests with 
given materials and is indicative of the results which may be 
expected with other materials and conditions, the curves being 
higher or lower as other factors influence the values. Field 


| Aprams, D. A., “Design of Concrete Mixtures,” Structural Materials 
Research Laboratory. Bull. 1. 
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test results can not be predicted accurately from laboratory 
test results so that when Abrams’ work was given a field appli- 
cation wide variations in strength were secured where uniform 
results were expected. The trouble was not in what had been 
done in the laboratory, but in that certain factors were influencing 
the field results which were not considered in the laboratory tests. 
Experience gained in field testing is enabling many engineers to 
estimate concrete strengths much better than formerly. 
Fineness Modulus.—A method of calculating the amounts of 
materials to use for any given strength and consistency is also 
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Fic. 44.—Maximum permissible values of fineness modulus. 


The curves in this figure are for rounded gravel and sand. For other materials see Bull. 1 
of Lewis Institute. 


included in the bulletin, and is based on a function of the aggre- 
gate known as fineness modulus, which is found by dividing by 
100 the sum of the percentages in the sieve analysis retained on 
the Nos. 100, 48, 28, 14. 8, and 4, and the 3¢-, 34-, and 114-in. 
Tyler sieves. The same value of fineness modulus may be 
obtained from a number of different gradations. Fineness 
modulus values for sand vary from about 1.50 to 3.75 and for 
pebbles from 5 to 8. Fineness modulus values for combinations 
of the above materials will vary between the values of each, 
depending upon the proportion of each. 


Example of Use of Abrams’ Method.—A specific case is included in the 
illustration as well as the general instructions. 
1. Select strength and consistency. 
2,500 lb. per square inch. 
1:2 Relative consistency. 
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2. Determine by actual tests the fineness modulii of aggregates to be 
used. 
Values: Sand = 2.90 
Pebbles = 7.00 
3. Determine maximum size of aggregate from sieve analysis data, 
according to the rule: “The maximum size of aggregate is designated as 
the smallest sieve having a value of between.0 and 15 per cent in the sieve 


analysis.” 


Maximum size: 1.5 in. 
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Fia. 45.—Diagram for the design of concrete mixtures. 


F This ehart is based on compression tests of 6 by 12-in. cylinders; age 28 days; stored in 
amp sand. 

The cement used gave compressive strengths in 1:3 standard sand mortar as follows, when 
tested in the form of 2 by 4-inch cylinders: 
Pounds per 


Age Square Inch 
1 AGYB we dae ack wae OO SING SINS WR Bue 8H APs lela tw ehoraie Oletgimtare: ane Wis onthe telal OIanene 1,900 
28 dayencuocasiy sie Bele ole al avate) aie: © Muah) ovaredeye' Saareiés a Rie elarn Le tety celts ite eoracn See 3,200 
S MONTHS ss ti cresie eS Pile Meee Ue aie cine e Rte lean CALS DLR ae ET Pe 4,200 
St RR ME raion ee tae, TG ote EC ICTO ae pert crate cay ach 4,300 


4. Estimate a mix which is likely to give the correct strength at the 

desired consistency. 
Estimated mix 1:5 

5. Determine from Fig. 44 the maximum permissible value of the fineness 

modulus of the combined aggregate. 
Fineness modulus = 5.75 

6. Check in Fig. 45 to see if the mix selected will give the correct strength 

at the desired consistency. Place straight edge on the mix by volume (1 to 
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5) at the left and on fineness modulus of aggregate (5.75) and note value of 
strength on the vertical line at relative consistency of 1.00. Lay straight 
edge perpendicular to vertical lines and read value at desired consistency 
(1.2). In this case it is 2,400 lb., slightly under that originally selected. 
This is close enough, however. 

7. In case the mix chosen in step 4 is not correct, repeat steps 4, 5, and 
6 until the correct mix is selected. 

8. The proportion of fine and coarse aggregate by weight is then com- 
puted from the formula 


in which 
P = percentage of fine aggregate. 
A = fineness modulus of coarse aggregate. 
B = fineness modulus of combined aggregate. 
C = fineness modulus of fine aggregate. 


The percentage of coarse aggregate is equal to 100 minus the percentage of 
fine aggregate. 
7.00: — 5.75 
=-3.00 — 2.90 xX 100 = 30.5 per cent 


9. Determine the weight per cubic foot of the sand, pebbles, and a com- 
bination of these materials as determined in step 8. 


Weight sand = 108.0 lb. per cubic foot 
Weight pebbles = 102 Ib. per cubic foot 
Weight combination = 120.0 lb. per cubic foot 
10. Figure proportions by volume: 5 cu. ft. (from steps 4, 5, and 6) of 


combined aggregate weighs 600 Ib. 30.5 per cent is sand, which weighs 
183 lb. The balance is pebbles and weighs 417 lb. 


183 lb. 
Ti2 Ib. per cubic foot ~ 1-63,cu- ft. 
a = 4.09 cu. ft. 


102 lb. per cubic foot 
The proportions by volume are 1:1.63:4.09 which may give harsh and 
unworkable concrete, especially if no allowance is made for bulking of the 
sand. If such is the case the proportions of sand and pebbles should be 
changed to give a workable mix. The amount of mixing water as deter- 
mined in the next step should not be changed, however. 
14, Determine the amount of mixing water to use from the formula 
g = 14,000 
=e 
or from the curve in Fig. 43. Water absorbed by the aggregate is not con- 
sidered as mixing water. 


, 


Comments.—This method is satisfactory for well-graded aggre- 
gates, but occasionally harsh and unworkable concretes are 
obtained. The maximum permissible value of the fineness 
modulus may be too large for the aggregates to be used or for the 
work to be done, in which case the value should be reduced. The 
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idea advanced by Abrams that the gradation of the aggregate 
was immaterial as long as the fineness modulus was correct has 
never been generally accepted by engineers. The tendency today 
is to proportion, by observation, the fine and coarse aggregates 
to give satisfactory workability. The amount of coarse aggre- 
gate should be as large as possible, however. Because of the 
emphasis placed on the value of increasing the coarseness of the 
aggregate, many engineers have used too much coarse aggregate 
with harsh and unworkable mixes resulting. Failure to allow for 
bulking of the sand due to moisture has also aided in producing 
-this result. 
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Work or Epwarps AND YOUNG 

During 1918, L. N. Edwards, then bridge engineer for.the city 
to Toronto, Canada, published! the results of some tests he had 
made to develop information (1) relating to the average surface 
areas of sand and stone aggregates; and (2) concerning the 
practicability of proportioning cement and aggregate on the basis 
of the surface area of the latter. 

The first problem was to determine the approximate average 
surface areas of the various sizes of aggregate. Small quantities 


1Epwarps, “‘Proportioning the Materials of Mortars and Concretes by 
Surface Area of the Aggregates,” Proc., A. S. T. M ., Vol. 18, part II. 
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of each size of aggregate were weighed out, the number of particles 
counted, the average volume of particles determined, and then 
the surface area of a sphere of an equivalent volume computed. 
In Figs. 46 and 47 are given the results of the surface areas as 
determined by Edwards. Surface areas are given in square 
feet per 100 Ib. of aggregate for various percentages of each size 
of materials. 

Mr. Edwards came to the conclusion that it was possible 
to proportion cement and aggregates on the basis of the surface 
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Fig. 48.—Typical curve showing relationship between cement content (in 
pounds per 100 sq. ft. of surface area) and compressive strength, for concretes 
of normal consistency (slumps of about 1 in.). For other consistencies other 
curves must be established. 


area of the aggregate. Aggregate must however be uniform in 
quality and be graded. The method would not work for unusual 
gradations of aggregate or for non-uniform materials. 

R. B. Young has made a practical application of the ideas 
of both Edwards and Abrams in connection with hydro-electric 
power development in the Province of Ontario, Canada. For 
the materials used satisfactory results were secured. Mr. 
Young accepts the water-cement ratio idea of Mr. Abrams, 
but prefers to determine the amount of aggregate to use on the 
basis of surface area rather than fineness modulus. 

Mr. Young first made tests to determine the relation between 
water-cement ratio and compressive strength for conditions as 
they existed on his work. Such a curve would be similar to the 
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one in Fig. 43, which was established by Abrams. Then other 
curves similar to the one in Fig. 48 would be developed for 
various consistencies, which would show the relationship between 
strength and cement content per unit of surface area of the 
aggregate. The curve shown is for a consistency represented 
by aslump of lin. Curves for mixes with greater slumps would 
be lower. 


Examples of Use of Surface Area Method.—l. Select strength and 
consistency. 
2,500 lb. per square inch. 
Consistency, slump of 1 in. 
2. From Fig. 43 or from curve based on your own test data, determine 
water-cement ratio to use. 
Value = 0.85 
3. Figure surface area of aggregate as it is to be used. 
This value should be in square feet per 100 lb. of aggregate. 


Value = 503 sq. ft. per 100 lb. 


4, From Fig. 48, determine weight of cement per 100 sq. ft. of surface area. 
Value 3 lb. For 508 sq. ft. (100 lb. of aggregate) 15 lb. of cement is 
necessary. 

5. The proportion is 15:100 or 1:624. The 624 parts of aggregate are 
both fine and coarse mixed. There is no way of determining the proper 
amounts of fine and coarse aggregates. 

The surface area per 100 lb., of the aggregate can be reduced by.decreasing 
the proportion of fine and increasing the amount of coarse particles. By 
reducing the surface area per 100 lb. of aggregate, the cement content can 
also be reduced. There is of course a limit beyond which the concrete 
becomes harsh and unworkable. The answer to the questions of how much 
should be fine and how much coarse is left to the judgment of the user of 
the concrete. 

It will be noted that the proportion for 2,500-lb. concrete as determined 
by Abrams was 1:5 and by Edward’s method was 1:624. This is due 
to the difference in consistencies used, the latter requiring much less mixing 
water. 


TALBOT AND RicHaArRT’s STUDIES 


Professor A. N. Talbot of the University of Illinois became 
interested in the problem following the publications by Abrams ~ 
and Edwards. He was assisted by Frank E. Richart, Research 
Assistant Professor in the Department of Theoretical and Applied 
Mechanics at the University of Illinois.1 The strength of the 
concrete was found to be dependent upon the composition of the 


1 Results are published in “The Strength of Concrete—Its Relation to 
the Cement Aggregate and Water,” Eng. Expt. Sta. Univ. Ill. Bull. 137. 
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cement paste, considering that the cement paste occupied all the 
space in the concrete not filled with aggregate. A unit volume of 
concrete or mortar is the basis for all the discussion. The 
proportion of cement in the cement paste (called by the investi- 
gators the cement-space ratio) may be represented by the 


5 Cc ; : n : 
expression 5 +¢@ in which c is the solid volume of cement in 


a unit volume of concrete, and v is the volume of voids in a 
unit volume of concrete, and vy +c is the volume of cement 
paste in a unit volume of concrete. The volume of the concrete 
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Fic. 49.—Relation between cement-space ratio and compressive strength. 


is equal to the volume of cement paste plus the solid volume of 
the aggregate. The problem then is to find the cement-space 
ratio for any given concrete in order to estimate its strength, or to 
find which combination of materials will give the desired cement- 
space ratio. The relation between cement-space ratio and 
strength for the tests made by the investigators is given in Fig. 49. 

When a given combination of cement and sand is mixed 
with various amounts of water, different quantities of mortar 
are produced. As the amount of water is increased from zero, 
there is at first an increase in the volume of mortar produced, 
then a decrease until a minimum amount is produced, which is 
followed by an increase again as shown in Fig. 50. The water 
content which produces minimum volume is called basic-water 
content. Mortars with water contents less than basic are not 
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workable and cannot be used. At any of the water contents the 
composition of the mortar can be figured. 

For any given cement and sand, basic-water content is deter- 
mined experimentally for a number of proportions of cement 
and sand, ranging from about equal parts of each to 4 of sand and 
1 of cement. Composition of the mortars at basic-water content 
and at greater water contents, usually 20 and 40 per cent, are 
figured and data platted as in Fig. 51. The coarse aggregate is 
considered as filler for the mortar, so that the volume of the 
concrete is equal to the volume of the mortar plus the solid 
volume of the coarse aggregate. 
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Fie. 50.—Typical curve showing relationship between water content of mortars 
and the volume. 


In studying the results of the tests Professors Talbot and 
Richart segregated the strength values according to the water 
content of the concrete. It was found that the wetter mixes 
had less strength than the drier ones, even though the cement 
space ratio was the same. The curves shown in Fig. 49 are for 
concretes and mortars at basic-water content 1.2 and 1.4 times 
basic. When the water content is 20 per cent greater than 
at basic-water content the strength values are 85 per cent of 
those shown and when the water content is 40 per cent greater, 
the values are reduced to 67 per cent of those at basic water 
content. 

For practically all workable mixes the voids in the concrete 
are filled with water, so that it is easy to estimate the cement- 
space ratio when the amount of mixing water is known. For 
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the drier consistencies used occasionally in pavement work, 
there may exist a very small amount of air voids. It is safe, 
as a general rule, to neglect these, and assume that the water 
fills all the voids. For a one-bag batch in which 716 gal. (1 cu. 
ft.) of mixing water are used per bag, the cement-space ratio, 


c ‘ : 
prerag? 18 0.333, the solid volume of cement being approximately 


one-half the bulk volume. Strength results secured by these 
investigators are lower than those reported by Abrams. 
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Quantities per Unit Volume of Mortar 


Absolute Volume of Fine Aggregate 
Absolute Volume of Cement 
Fig. 51.—Characteristic curves for a coarse sand. 
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Example of Use.—1.-Select strength and consistency. Values selected: 
strength 2,500 pounds per square inch and consistency or relative water 
content as designated by Professor Talbot, 1.2. 

2. Make series of mortar-voids tests and plat results as shown in Fig. 51. 

Um is the proportion of voids in the mortar. 

Wm is the proportion of water in the mortar. 

Cm is the proportion of cement in the mortar. 


Cc 
Doe: 
a is the proportion of fine aggregate in the concrete. 

b is the proportion of coarse aggregate in the concrete. 

c is the proportion of cement in the concrete. 

3. Select from Fig. 49 the value of ney which gives the desired strength 
at the required consistency. Value = 0.400. 

4. From Fig. 51 determine the value of a/c which corresponds to the value 


is the proportion of cement in the cement paste. 


G3 % 
of eae step 3. Value = 2.75 
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; c 
Determine also value of wm, and vm corresponding to the value of ears 


Values: vm = 0.290 and wm = 0.250. 

5. The amount of coarse aggregate to use is arbitrarily chosen and for 
economic reasons is made as large as possible. For pebbles concrete the 
value of b, which is the proportion of coarse aggregate in the concrete, can 
be as large as 0.45 and for crushed stone concrete 0.40. 

6. From the value of vm found in step 4, compute the value of v. The 
proportion of mortar then in the concrete is 0.55 for pebbles concrete. If 
the value of vm (proportion of voids in the mortar) is 0.29, then the value 
of v (proportion of voids in the concrete) wil be 0.55 X 0.29 = 0.16. 

7. Solve for values of aandc. Since the volume of concrete is composed 
of the volumes of cement, fine aggregate, coarse aggregate, and voids, an 
equation can be written as follows:a +b +c+v=1. Values for b and 
v are known, from which 

a+c = 10.45 — 0.16 = 0.39 

From step 4, a/c was found to be 2.75 

a = 0.286 
c = 0.104 
8. The proportion by solid or absolute volumes is 
0.104: 0.286: 0.450 

9. Determine the weights per cubic foot and the ratios of solid to bulk 
volume for each material. 

Weight per ~ Ratio of 
Cubic Foot, Solid to Bulk 


Pounds Volume 
Cement. ys ieee ere eee , 94 0.50 
Hinevageregatesc..4- qe cmae 112 0.60 
Pebbles: kiteaeesa ck eee - 102 0.65 


10. Divide each value in the proportion of step 8 by the ratio of solid to 
bulk volume in step 9. 


0.104 
TORE 0.208. 
0.286 
06 7 0.477. 
0.450 
"Oi6e an 0.692. 


Values secured are quantities of materials necessary to produce a unit volume 
of concrete. 

11. Figure proportion by bulk volume: 

0.208 : 0.477 : 0.692 
1:2.3:3.30 

12, Compute the amount of mixing water necessary, by multiplying the 

value found in step 4 for wm by (1-b). 
Value = 0.55 X 0.25 = 0.137 

For every 0.208 cu. ft. of cement used, 0.137 cu. ft. of mixing water must be 


used. The water-cement ratio is Oat 


1 
0.208 = 0.66. 
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Trial Method.—During the past several years there have 
been a number of contracts made in which the strength of the 
concrete was specified and the determination of the proportions 
of all the materials left to the contractor and engineer. Numer- 
ous other contracts have been made in which the water-cement 
ratio has been specified instead of the usual proportions of cement, 
fine and coarse aggregate. For given materials and conditions 
the strength of the concrete is a function of the water-cement 
ratio and the exact amounts of fine and coarse aggregate are 
immaterial so long as the concrete is workable. The amounts 
of fine and coarse aggregate should be fixed to produce a workable 
concrete, at the same time yielding as much concrete as possible. 
Since the determination of the proper workability is one of 
judgment, a method of proportioning known as the trial method 
is being developed. When strength alone is specified the deter- 
mination of the proper water-cement ratio also becomes a part 
of the trial method. 

Concrete may be considered as a combination of cement 
paste and aggregate, the strength of which is largely determined 
by the quality of the cement paste and the thoroughness of the 
. bond between the paste and aggregate. Strength of the aggre- 
gate also affects the strength of the concrete, but since most 
aggregates are stronger than the cement paste the effect is 
negligible. Certain light-weight aggregates, however, are being 
used that are not as strong as the cement paste and do not 
produce, for the same quality of cement paste, concrete as 
strong as the regular stone and pebbles aggregates. 

Since concrete is usually or can be thoroughly mixed, the 
quality of the cement paste is the only item that needs consider- 
ation here. As indicated elsewhere (Chap. 11) there are a 
number of factors affecting the quality of the cement paste 
such as: characteristics of the cement, richness of mix, age, 
curing conditions, and impurities in the aggregate which may 
reduce the strength. The problem is to find out what combina- 
tion of materials will produce a given strength, at a certain 
age, and of a given consistency. 

First the strength of concrete to be made must be chosen. 
Two thousand pound concrete is generally used for reinforced 
concrete of the usual design and 4,000-pound concrete for pave- 
ments. Next, the age at which this strength is to be attained 
must be selected. Present practice is to try to get desired 
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strengths at ages varying from 3 to 7 days. The choice of 
consistency depends upon working conditions, with pavement 
concrete normally of a drier consistency than that for rein- 
forced concrete. Pavement concrete should have a consistency 
represented by a slump of 1 to 2 in. while reinforced concrete 
will normally need to have a slump of 4 to 6in. Another factor 
which must be appraised is the temperature of the concrete 
during the curing period. From the curves in Chap. 11 fairly 
accurate estimates can be made of the strengths likely to be 
secured with standard portland cements at ages between 1 and 
~ 28 days for the usual range of water-cement ratios. Effect 
of temperature may be estimated from Fig. 93, values varying 
from 25 to 50 lb. per degree of temperature. Select a water- 
cement ratio which should give the desired strength. This 
value should be checked by actual tests using the materials 
to be used in construction and with the concrete made and cured 
as it will be on the job. 

The next step is to determine the amounts of fine and coarse 
aggregates necessary to give the desired consistency. Fine 
aggregate is that portion of the aggregate passing through 
a 14-in. square opening sieve and coarse aggregate is that portion 
retained. Prepare a cement paste with the water and cement 
in the proportions determined above. Then add aggregate 
until the desired. consistency is obtained. Note how much 
fine and coarse aggregate is used. In working out this detail 
it is suggested that for the first trial the amount of coarse aggre- 
gate be one and one-fourth times the amount of fine aggregate, 
and that in subsequent trials the amount of coarse aggregate 
be increased one-fourth each time until it is twice as much as 
the fine. Note each time the consistency workability, and 
amount of concrete produced. Select the proportion which 
gives the proper workability. The amount of concrete produced 
will not vary a great deal between the 114 and 2 ratios of coarse 
to fine. 

The checking of the water-cement ratio selected may be 
combined with the determination of the proportions of aggre- 
gate, by making the concrete into cylinders and testing at the 
chosen ages. If the desired strengths are not secured, increase 
or decrease water cement ratio as necessary. 

In Tables 8 and 10 are given some typical relations between 
cement content, water-cement ratio, consistency, and proportions 
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of aggregate, which were developed using average materials for 
some of the more common mixes. In Table 8, for instance, for 
a 1:2:3 mix, if 6 gal. of mixing water per sack of cement are 
used the consistency will be such that there probably will be 
a 1-in. slump, while if 8 gal. are used the slump may be around 
844 in. On the other hand 6 gal. of mixing water will not 
produce workable concrete for the 1:214:4 and the 1:3:5 mixes. 
The table is presented merely to show what can be expected 
under average conditions. 


TaBLe 8.1—TypicaL RELATIONS BETWEEN QUANTITY OF CEMENT, WATER- 
CEMENT Ratio, AND CONSISTENCY 


SSS SS eee EE EEE EE Ee eee 


Slumps—inches 


Mix | 1:1144:3 di23 eae 1:214:4 So 
2 
a 6.4 5.8 5.2 4.75 4.0 
content 
| 
5 0 | 6 gal. 7 il 0 
Be) 7 eal. 84 i 4 ig 
Ee! 8 gal. 9 814 7 4 0 


1 Compiled from a paper by McMitian and WALKER, “Use of Water-cement Specifica- 
tion on the Portland Cement Association Building,’ Proc. Am. Concrete Inst., 1926. 


2 Bags per cubic yard of concrete. 


Sand in this series of tests was graded 0-No. 4 sieve and the pebbles from 


No. 4 to 14% in. 


Hei 3.1 4sands 7.00: 


TABLE 9.1—TypicaL RELATIONS BETWEEN PROPORTIONS OF FINE AGGRE- 
GATE, CONSISTENCY, AND CEMENT CONTENT 


Mix see: 1:2144:4 L254 1:116:4 

Cement content, 

bags per cubic 4.3 4.6 5.1 5.5 

yard 

Bhig, 6 gal. 0 14 
Bice | 27 gal. M4 434 6 
as iV 
=F! 8 gal. 4 4 7 74 


1 Compiled from a paper by McMriian and WALKER, “Use of Water-cement Specifica- 
tion on the Portland Cement Association Building,’ Proc. Am. Concrete Inst., 1926. 


Sand in this series of tests was graded 0-No. 4 and the pebbles from No. 4 


to 1% in. 


F. M. = 3.14 and 700. 
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Tasip 10.—TyprcaL RELATIONS BETWEEN PROPORTION OF CoARSsE AGGRE- 
GATE, CONSISTENCY, AND CEMENT CONTENT 


Mix | 1:2:0 | 1:2; 1 | 1:2°2 | 1225 | 1:2:4 | 1:2:5 
Cement content, bags 10.1 8.2 6.8 5.8 fail 405 
per cubic yard 
0 6 gal. 9 8 434 1 0 
BR 7 gal. 11 10 9 74% 414 4% 
= = 8 gal. 84 rf 449 


1 Compiled from a paper by McMrinian and Waker, “Use of Water-cement Specifica- ' 
tion on the Portland Cement Association Building,” Proc. Am. Concrete Inst., 1926. 


Sand in this series of tests was graded O0-No. 4 sieve and the pebbles 
from No. 4 to 14% in. F. M. = 3.14 and 7.00. 


In Table 9, the proportion of coarse aggregate is kept constant 
and that of fine aggregate varied and in Table 10, the proportion 
of fine aggregate is kept constant and that of coarse aggregate 
varied. In the first case for any water-cement ratio, increasing 
the proportion of fine aggregate produces stiffer consistencies 
and with less cement content. According to the water-cement 
ratio strength law the same strength will be secured for any of 
these mixes using same water content. A 1:2:4 mix as often 
used on construction may be handled much easier by increasing 
the proportion of sand and without changing the amount of 
mixing water. The slump will be less but the mix with the 
greater amount of sand will be much more workable. 

In Table 10 is indicated how the cement content and consist- 
ency change as the proportion of coarse aggregate is varied. 
For any water content, the addition of coarse aggregate stiffens 
the mix and if anything, will make the concrete less workable. 


Questions 


1. Give history of concrete proportioning. 

2. The various theories of proportioning are based on tests made under 
what conditions? Are these conditions the same as those likely to be 
encountered in the field? Of what value are these theories in doing field 
work? 

3. What is meant by empirical proportioning? What proportions are 
used for various classes of work? 
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4, Give purpose and scope of Fuller and Thompson’s studies of propor- 
tioning. 

5. Give purpose and scope of Abrams’ studies. What is fineness modu- 
lus? water-cement ratio? What was the important result of Abrams’ 
. work? 

6. Give purpose and scope of Edwards and Young’s work. 

7. Give purpose and scope of Talbot and Richart’s studies. What is 
basic water content? relative water content? cement-space ratio? 

8. What is the trial method of proportioning? What parts of the work of 
the various investigators is used in this method? 

9. What changes in materials have taken place since these studies were 
made? How do the changes affect the problem of proportioning? 


CHAPTER 7 
MAKING OF CONCRETE 


The production of concrete involves the operations of handling 
and measuring materials, mixing, transporting, placing, finishing, 
and curing. Any or all of these items may contribute to the 
~ success or failure of the work. In a general discussion of this 
kind it is not possible to say that if certain things are done or not 
done, the strength will be increased or decreased a certain 
amount. There are a number of items which affect the strength 
of concrete and in the field it is not possible to control all of these 
very carefully. If only one factor is varied we may estimate 
what the strength may be as the variations take place. It is 
much better to make test specimens and determine for the condi- 
tions on that particular job, just what variations in strengths are 
being secured. An attempt will be made in this and the next 
chapter to outline what is generally considered to be good practice. 


TRANSPORTATION AND STORAGE OF MATERIALS 


Materials for concrete must as a general rule be transported 
from the source of supply and stored until needed to make 
concrete. Occasionally a contractor will have a concrete-making 
plant at a gravel pit which will eliminate the necessity for any 
transportation of the aggregates. 

Most contractors build up a reserve of both cement and 
aggregates before pouring of the concrete begins. This is 
desirable in that the contractor assures himself of continued 
production during the months when weather conditions are the 
most favorable and when he is ready to work. During the winter 
months it is not possible for the sand and gravel producers to 
operate, but they can begin before the time for. construction to 
start. Storage of cement any length of time after making is not 
desirable inasmuch as the strength of the concrete made with it 
will not be as great as if made immediately following production.! 

‘ Aprams, Durr A., “Effect of Storage of Cement,” Structural Materials 
Research Laboratory, Lewis Institute, Bull. 6. 

, 104 
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Storage has a greater effect on the early strengths than on the 
later ones as indicated in Fig. 52. Often a cement will be able to 
pass the A. 8. T. M. minimum specifications even after a year’s 
storage because the margin was large when the cement was new. - 
A safe rule to follow is not to put in storage more cement than 
can be used in from 3 to 4 months after it is made. 

The amount of materials put in reserve will depend somewhat 
upon the contractor’s past experiences and his estimate of what 


Per Cent of Strength of Cement when received 


Tests 


C- eden Yard _4 
On 4256 =e 10 12 14 16 18 20 22 2 
Cement Stored, months 


| 
40 \Gonent 3105 A ane? Testing Labo 
205642 Qinders Yored 17 Basement x 


Fig. 52.—Effect of storage of cement on compressive strengths of 1:5 concrete. 
(From ‘Effect of Storage of Cement,” by Duff A. Abrams, Bull. 6, Structural 
Materials Research Laboratory.) 


conditions are likely to be during the construction season. 
The reserve should be at least large enough to tide over any 
periods when it will not be possible to get materials. In 1922, 
there was a general shortage of materials in the middle west with 
the result that for the next few years contractors put in extra 
large amounts. Materials conditions were much inproved by 
1927 and the tendency was to place less material in storage. 
When regular placing of concrete begins, daily shipments are 
started which will be sufficient to take care of each day’s work. 
With everything running according to schedule, all of the 
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materials can be used each day without placing any in storage, 
an item of additional expense. It is, of course, not possible to 
operate upon an exact schedule, largely because of weather 
conditions, so that it is necessary to put materials in storage 
or draw upon the storage supply from time to time. Occasion- 
ally a contractor will try to operate without any reserve or with- 
out any facilities for handling reserve materials. The railroads 
make demurrage charges if the cars are not unloaded within a 
certain time, which is known as the free time and which is usually 
2 days. The amount charged increases with the time the cars 


Fig, 53.—A good type of metal portable cement shed. 


remain loaded. Some railroads sign agreements with the con- 
tractors by which the contractor may offset some of the demur- 
rage charges by unloading cars before the free time limit is up. 
Accounts are normally settled at the end of each month. 

On some jobs prompt performance of the work is an important 
item and the engineer will require in the specifications that the 
contractor maintain a reserve supply so that work can always be 
done. This clause is necessary only when the producers are not 
meeting the demands during the construction season. 

Cement.—Cement is usually shipped in box cars, either 
in bulk or in bags. When the supply of box cars is insufficient, 
gondola cars may be used, but this necessitates the use of a 
waterproof covering which may be a total loss to the manufac- 
turer after it is used once. For jobs near a cement plant ship- 


ments are often made by truck. Shipments may also be made by 
boat. Aor Ay, 
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Cement must be stored in a dry place. For the reserve 
supply it is advisable to use a building of some kind, generally 
of a temporary nature, which is normally built of wood and 
covered with tar paper. The floor level of the cement shed 
should be high enough so that the men in handling the cement can 
walk into the railroad car or on the truck without stepping up 
or down. The floor level should be high enough go that the 
cement will not become wet through the floor. _ 

Small quantities of cement are frequently stored on con- 
struction work under a canvas. It is claimed by the manu- 
facturers of the new multiple-wall paper bag that no covering 
is necessary for short periods of outside storage. 

Aggregates.—Ageregates are shipped in gondola cars or 
trucked if the haul is short enough. If a crane is used to unload 
directly from the car, the ordinary gondola car without bottom 
or side dump doors is preferred. It is difficult to close up all the 
openings on the cars with the bottom or side dump doors so that 
there will be no leakage of the sand. In a case a contractor 
has an unloading trestle, special efforts are made to close 
up the openings so that sand as well as coarse aggregate ages be 
shipped in the dumping gondola. 

It is ordinarily necessary to keep a man in the gondola car 
when unloading with a clamshell. In order to save the time of 
this man some contractors receive their coarse aggregate in 
bottom dump cars which are unloaded into a pit under and to 
one side of the track. The clamshell can then pick the material 
out of the pit without the aid of an attendant. 

Storage Piles.—No special difficulties are experienced in the 
storage of fine aggregate in stock piles. There is ordinarily 
sufficient moisture in the sand to prevent segregation. It is 
difficult, however, to prevent segregation of the coarse aggregate. 
Definite provisions are usually made in the specifications covering 
the method of building up storage piles of coarse aggregates. 
Stock piles should be built up in layers not exceeding 4 ft. in 
thickness. The first layer should extend over as much area as 
the stock pile is ever to cover. The second layer should cover 
the first layer entirely before the third layer is started. Stock 
piles should not be built by pyramiding. If each bucketful from 
the crane is dropped in the same place each time there is a con- 
centration of dust in the center of the pile and a segregation of 
the sizes. The larger particles roll down the side of the pile 
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with the result that the smaller sizes are in the center of the pile 
and the larger ones at the edge. 

Because of the difficulty of maintaining a constant gradation 
in the coarse aggregate, it is quite likely that engineers generally 
will require the separation of the coarse aggregate into two or 
three sizes at the pit or quarry, and shipped, handled, measured, 
and placed into the mixer as such. In 1927 one state highway 
department began the practice of separating the coarse aggregate 
into three sizes as indicated above. 

Stock piles of different aggregates should be kept separate to 
avoid mixing. The same crane will handle both materials so 
that there is an advantage in having the stock piles close together. 
A separating wall is sometimes necessary. 

Storage Bins.—Overhead storage bins are used in connection 
with the various measuring devices. The aggregates are placed 
in the storage bins directly from the cars or from the storage: 
piles by means of the clamshell. From the storage bins the 
materials flow by gravity into the measuring equipment. 

In some of the storage bins there is a tendency for dust and 
dirt to collect in the corners. When the bins are emptied all of 
this dust and dirt is placed into a few batches of concrete, a 
practice which is undesirable. The ideal type of bin for coarse 
aggregate would be one with a perforated bottom to permit the 
fine material to escape. 


MEASUREMENT OF MATERIALS 


Uniformity and exactness in the amount of materials entering 
into each batch of concrete are generally recognized as being of 
the utmost importance. Variations in the amount of any one 
of the materials will cause variations in the amount of concrete 
produced, its consistency, and strength, all of which may be 
undesirable. The engineer is interested primarily in securing 
uniform strength and the contractor in getting the proper 
amount of concrete. Variations in consistency increase the 
difficulty of securing uniformly smooth surfaces, something 
which is highly desirable in concrete pavements. , 

Size of Batch.—The size of a batch of concrete is usually 
indicated by the number of bags of cement in it and the propor- 
tions of the materials, as, a five-bag batch of 1:2:4 concrete. 
Mixers, however, are rated by the manufacturer according to 
the number of cubic feet of mixed concrete which can be produced 
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at one time. Table 11 gives the capacities of various mixers 
in terms of the number of bags of cement per batch for different 
mixes. 

Measurement of Cement.—Most contractors buy cement in 
bags so that the problem of measuring cement is easily taken 
care of. A small percentage of cement is shipped in bulk, which 
necessitates the installation of weighing apparatus on the job. 
Measurement of bulk cement by volume is unsatisfactory. A 
cubic foot of cement may be made to weigh from about 60 to 
125 lb. depending upon the amount of compaction. The 
selection of 94 lb. as the weight of 1 cu. ft. of cement is purely 
arbitrary. Since most of our knowledge of concrete is based on 
cement weighing 94 lb. per cubic foot, it is well tocontinue on 
that basis. 

Some mixers are not large enough to accommodate a one-bag 
batch, which necessitates the splitting of a bag. On a job which 
does not warrant the use of a larger mixer, the use of weighing 
equipment for the cement is also unwarranted. Measurement 
by a shovel is undesirable, but oftentimes unavoidable on these 
small jobs. 

In measuring cement with shovels it is well to empty a sack 
full into a box and determine the number of shovelsful per bag. 
The number of shovelsful per bag for each of the other materials 
should also be determined. The cement which is emptied out 
of the sack will not be so compact as it is in the box. Unless 
this fact is recognized in determining the number of shovelsful 
of each material per batch, the amount of cement used will fall 
short of that required. ; 


Example.—A contractor has a small mixer which will accommodate a 
one-bag batch of 1:2:4 concrete. There is no skip on the mixer so that all 
the materials must be shoveled in. The contractor’s men decide to empty 
the cement into a box and shovel it into the mixer. No attempt is made to 
place a bag of cement in the box each time and to empty the box before 
putting in any more cement. It is found there are 5 shovelsful of cement per 
bag, 4 shovelsful of sand and 414 of pebbles. The amounts per batch would 
be 5 shovelsful of cement, 8 of sand, and 18 of pebbles. As usually done, 
however, the quantities used would be 5 of cement, 10 of sand, and 20 of 
pebbles. The strength of the concrete would be reduced while the amount of 
concrete produced would be increased per bag of cement. 


It is difficult to get all of the cement out of a cloth sack and 
most workmen are inclined to leave a pound or two in each 
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bag. This is an item which may need watching, especially in 
case the contractor or dealer is recovering this cement for resale. 
The paper sack does not have this objectionable feature. 

Measurement of Water.—All of the larger and better mixers 
are equipped with water tanks from which exact amounts of 
water may be taken automatically for each batch. These tanks 
as a rule are not graduated so that it is not possible to know the 
exact amount of water being used per batch without calibrating 
them. With the increased use of the water-cement specification, 
mixer manufacturers will make the graduated tanks. 

On the small jobs usually not much attention is paid to the 
amount of mixing water. The dry materials are put into the 
drum and the desired consistency secured by adding water. 
The better method is to determine the amount of mixing water 
necessary to produce concrete of the desired consistency and 
then place that amount of water with the cement into the mixer 
first. The desired consistency can then be secured by adding 
ageregate. This practice will result in more uniform concrete 
and in the use of stiffer consistencies. Once the contractor sees 
that he can secure more concrete with the same amount of 
cement by using stiffer consistencies, he will use them. No 
decrease in strength should result. Water on these small jobs 
is usually measured in a bucket if it is measured at all. 

Careful control of the quantities of water and cement are 
important inasmuch as they constitute the cement paste which 
is the binding material. Other things may affect the strength 
of the cement paste, but these other things would be the same 
regardless of the amounts of water and cement used. 

Measurement of Aggregates.—Aggregates are now generally 
divided into two sizes, known as fine and coarse aggregate. 
Specifications provide that these materials shall be measured 
separately. In case the coarse aggregate is divided into two 
or three sizes, it is necessary to have a greater number of devices 
for measuring the coarse aggregate. 

Measurement by shovelsful or by the wheelbarrow is not 
accurate and should be allowed only on relatively unimportant 
work. On the small jobs where accurate measuring equipment 
is not warranted, more attention should be paid to the water 
and the cement than to the aggregates. On larger and more 
important work all of the materials should be carefully measured 
either by weight or by volume. 
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Fine Aggregate.—Sand is most commonly used as fine aggre- 
gate. It contains moisture which increases its bulk volume. 


Fria. 54.—Mixing plant of a paving contractor. Mixed concrete is also sold 
by the ton, 


Fia. 55.—Weighing apparatus for aggregates as used on a highway construction 
job. 


Moisture contents vary from about 2 to 10 per cent, with most 
values between 4 and 6 per cent. The amount of bulking 
for any given percentage of moisture varies with the gradation of 
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Fic. 56a.—Johnson measuring hopper. 


This piece of equipment is adjustable as to quantity measured and may be furnished 
with or without the weighing device. 


Fia. 566.—Inundator at the left is just swinging into upright position after 
discharging, 
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the aggregate and the surface condition of the particles. It 
is not uncommon to find sand bulked as much as 20 per cent due 
to the moisture content. ! 

Specifications are usually written calling for the aggregates 
to be.measured based on a dry and loose condition. If the sand 
contains moisture causing a change in the bulk volume, due 
allowance for that bulking should be made so that the amount 
of solids will be the same in either case (see chapter on estimating 
for method of computing correction). 

It has been observed that uniform amounts of a given sand 
may be secured if measured volumetrically under water. One 
manufacturing concern has put this fact to a practical use 
and is making a measuring apparatus known as the inundator, 
which measures the sand by volume under water. The apparatus 
consists of a hollow cylinder pivoted on the sides so that it 
may be easily dumped and returned to the upright position. 
It is made with an adjustable bottom to accommodate various 
amounts of aggregate. Sufficient water is placed in the cylinder 
so that when the sand is all in, the level of the water is the same 
as that of the sand. An excess of water is actually placed in the 
cylinder and allowed to overflow as the sand fills the cylinder. 
The inundated volume of sand is about equal to the loose dry 
volume or a little less. The inundated volume is a more definite 
quantity than is the loose dry volume. In the writing of specifi- 
cations the basis of measurement of the aggregates should be 
clearly given. 

There are several types of devices on the market for measuring 
aggregate by bulk volume. The chief requirements are ease 
of operation, certainty of emptying and filling each time, and 
accuracy. With this type of apparatus a correction should 
be made in the volume of the moist sand as measured in order 
to compensate for the bulking action, as previously mentioned. 
Moisture contents and percentages of bulking remain fairly 
constant for a sand from any given pit. Once the correction 
is made, not much further attention is needed. 


1 As a result of their investigations on bulking of sand, the Illinois Division 
of Highways during the construction season of 1927 permitted their contrac- 
tors to increase the bulk volume of the sand as measured on the job a 
uniform amount of 15 per cent. The Illinois mix is 1:2:3!%. For a six- 
bag batch the contractor would measure out 13.8 instead of the usual 12 cu. 


ft. 
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Measurement of aggregates by weighing has been success- 
fully tried but has not become very general. This is probably 
due to the feeling that a weighing apparatus can be easily 
gotten out of adjustment. If noattention is paid tothe moisture, 
there will be less error in weighed aggregates than in those 
measured by volume. Five per cent of moisture may cause 
20 per cent bulking, in which case volumetric measurements 
are in error four times as much as the weighed aggregates. 


Fia. 57=—Proportioning plant of a paving contractor. 


In order to determine the proper weights of materials per 
batch it is necessary to know the relationship between weight 
and volume, since practically all specifications are written for 
the materials to be measured on a volume basis. First the 
weight per cubic foot of the materials must be determined 
on the loose dry condition as usually given in the specifications. 
Then the percentage of moisture based on the dry weight of the 
sand must also be determined. The weight of the moist sand or 
coarse aggregate is equal to the weight of the materials dry 
plus the weight of the contained moisture. Weighing a cubic 
foot of the moist material will give a different result. 
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Coarse Aggregate.—Much of the discussion under fine agere- 
gate is also applicable to coarse aggregate. Coarse aggregates 
are not bulked to any appreciable extent due to contained 
moisture so that volumetric measurement has generally been 
considered satisfactory. 

Since the volume of mortar in the concrete is more than enough 
to fill the voids in the coarse aggregate, the latter may be con- 
sidered as a filler for the former, increasing its volume an amount 
equal to the solid volume of the coarse aggregate. Ifthe coarse 
aggregate is measured by bulk volume, the only way the solid 


Fic. 58.—Charging skip on paving mixer. Batch boxes on industrial railroad 
cars are used in this case to bring the proportioned batches to the mixer. 


volume can vary from batch to batch is for the gradation to 
vary. This is possible as indicated in the discussion on storage 
of materials. If the coarse aggregate is weighed, uniform 
amounts by solid volume may be secured, in which case it is 
necessary to take into account the contained moisture. 


MIxiInG 


Mixing is the operation of incorporating the cement paste in 
the mineral aggregate. As actually performed the cement paste 
is itself produced at the same time. All of the materials, cement, 
water, and aggregates, are placed in the mixer at the same time 
and mixing is continued until the cement and water are thor- 
oughly mixed together into a paste, which in turn must be dis- 
tributed through the aggregate. 
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At first all concrete was mixed by hand but today this method 
is impractical on all except the very small and unimportant jobs. 
Machine mixing is faster, cheaper, and produces better concrete. 

Mixers.—The batch mixer is universally used at the present 
time. A batch mixer is one in which all the materials for one 
batch are placed in the drum, mixed and discharged before 
any more materials are added. Some of the first mixers operated 
continuously, which accounts for the designation batch mixer. 
The old continuous mixer did not produce concrete . uniform 
quality and was therefore abandoned. 

The mixing chamber of all mixers is known as a drum. Pad- 
dles are usually placed in the drum to aid in the mixing operation. 


Fic. 59.—Interior views of drum of concrete mixer. 


The paddles also work the concrete towards the discharge end 
and thus aid in emptying the drum which is accomplished by 
inserting a chute into the drum. Some of the small mixers have 
drums which may be tilted to discharge the concrete. The 
tilting drum type is much easier to clean in the smaller sizes. 

Mixers are charged in one of three ways: with a skip, from a 
special storage hopper, or by direct shoveling into the drum. 
Only small mixers on unimportant work should be loaded by the 
last method. Stationary mixers usually use the second method, 
while the non-stationary ones use the first method. The skip 
receives the materials from the ground level and then elevates 
them so that they will flow by gravity into the drum. For 
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stationary mixers it is cheaper to elevate the materials a little 
higher with a clamshell so that a small special hopper may be 
placed between the measuring apparatus and the mixer. In 


Fic. 60.—A type of traveling mixer used largely on paving work. The 
cement and aggregates are dumped in the skip at the right and the mixed con- 
crete is spread on the subgrade with the bucket operating on the boom at the left. 


Fig. 61.—Central mixing plant. Note inundator in the background and the 
method of loading trucks with the mixed concrete. This arrangement permits 
the mixer to operate more regularly than is normally the case and with fewer 


trucks. 


some cases the material is run directly from the measuring 
hoppers into the mixer. 

Mixers are run by gasoline, electric or steam power. Electric 
power where available is usually used for stationary mixers and 
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gasoline for the movable ones. Steam is available for either 
type but is rapidly decreasing in use. 

Time of Mixing—The average mixer is designed so that 
the concrete is satisfactorily mixed in from 1 to 144 min., and 
practice today is to require at least a full minute of mixing 
after all the materials are in the drum and before any of the 
concrete is discharged. It is generally considered that not 


¥ia. 62.—Timing device attached to mixers to control the length of mixing time. 


enough additional strength is gained by increasing the time of 
mixing above 2 min. to warrant doing so. 

Most mixers are designed for the drum to operate at a speed of 
18 to 20 r.p.m. Increasing or decreasing the rate excessively 
above or below the rate specified by the manufacturer is likely 
to affect the thoroughness of mixing. Mixers should operate 
at the speed designated by the manufacturer as best. 

In order to guarantee the proper amount of mixing some. 
engineers require a timing device to be placed on the mixer, — 
which will start measuring time as the materials go into the 
drum and which will lock the discharge apparatus until the full 
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amount of mixing is completed. A bell is usually rung to 
indicate when the time is up. Timing devices take the guess 
work out of the mixing operation and should be on every mixer 
doing work on important jobs. 

Hand Mixing.—At one time people generally felt that hand 
mixing was superior to machine mixing but the mixers have so 
much in their favor now that in most cases hand mixing of con- 


Fic. 63.—Steps in the mixing of concrete by hand. 


crete is not permitted. Hand mixing occasionally is necessary 
and the accompanying pictures (Fig. 63) are included to show 
how the operations are carried out. After the materials are care- 
fully measured, the cement and sand should be mixed first dry. 
Then the coarse aggregate should be spread over the cement- 
sand mixture and the whole remixed again. Form a crater in the 
center into which the mixing water may be poured. As soon as 
the water is all taken up, the mixing may proceed. 
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TaspLte 11.—CapacitTies oF STANDARD MrxeErs! 


Size of batch in bags of cement 


Construction mixers - Road mixers 

Proportions 
34-5 | 5-S | 7-S | 10-S | 144S |} 21- 10-E | 13-E | 27-E 

1:14%:3 1 1 2 3 4 6 8 2 4 a 
1:14:34 VY 1 1 2 3 5 iG 2 Sveleed 
1223 VY 1 1 2 3 5 7 2 3 a 
1:134:3% 5 1 1 2 3 5 a 2 3 6 
1:2:3% 4% 1 1 2 3 5 iG 2 3 6 
1:2:4 V6 1 1 2 3 4 6 2 3 6 
1:24%:4 4 1 1 No 3 4 6 2 3 5 
Lp 2)s 16g Wy 1 2, 2 4 6 1 2 5 
1:2446:5 A Wy 1 1 2 4 5 1 2 5 
ono A 7A 1 1 2; 3 5 il D 4 
1:3:6 oA 6 Ih 1 2 3 4 1 2 4 


1 As specified by the Associated General Contractors’ Association. Other sizes are made 
special, 


Questions 


1. What effect does length of storage have on the quality of cement? Can 
cement be used too soon after it is manufactured? Why? How can this 
difficulty be overcome? 

2. Why is it necessary in the handling of aggregates to maintain uniform- 
ity in the gradation from batch to batch? Where is difficulty likely to be 
experienced? 

3. How is cement measured? How are the aggregates measured? How 
is the water measured? 

4. What effect does moisture have on the bulk volume of fine onthe 
materials? How does this affect the problem of measuring concrete aggre- 
gates on construction work? How is the difficulty overcome? 

5. Discuss relative merits of weighing and measuring aggregates by bulk 
volume. Disregarding moisture content entirely, which method gives the 
greater accuracy? 

6. What is the inundator? What are its merits? How does the inun- 
dated volume compare with the loose dry volume? 

7. What effects does time of mixing have upon the strength of concrete? 
upon its workability? What is the usual mixing time specified? How is it 
controlled on the job? 

8. Describe proper methods to follow in hand mixing.. 


CHAPTER 8 
PLACING, FINISHING, AND CURING OF CONCRETE 


DISTRIBUTION AND PLACING 


Distribution and placing of the concrete involves its movement 
from the mixer to the final place in the finished structure. 
Methods and time involved may affect the strength and quality 
of the concrete. Conditions on various jobs are different and 
the proper method to use must be determined for each one. 

Time Limit—Most engineers require that concrete must be 
placed in the forms within from 30 to 45 min. after it is mixed. 
In setting an arbitrary limit, such as 45 min., several factors 
which bear on the question are neglected. It is considered 
desirable to have the concrete in its final place before the cement 
has taken its initial set. Temperature affects the rate of setting. 
Time of setting is determined at 70°F. Temperatures above 
70°F. hasten the setting while temperatures below 70°F. retard 
the setting. In hot weather the time limit should be shorter 
than that set for colder weather. 

The other factor neglected is the time of setting of the cement 
itself. At 70°F. all cements are required not to have taken 
their initial set within 1 hour as measured with the Gillmore 
needles or 45 min. with the Vicat apparatus. Some cements 
have times of initial set as much as 3 hours. 

A safe limit to use under ordinary circumstances is probably 
30 min.; 45 min. is probably also safe but has the factor of 
safety reduced somewhat. Even with an interval of several 
hours between mixing and placing, the concrete would not 
be ruined so far as gaining strength is concerned. The amount 
of strength gained would not be as large as when placed 
immediately. 

The general feeling amongst engineers has been that concrete 
can not be retempered, that is remixed with or without additional 
water after initial set has taken place, without seriously reducing 
the strength. The above recommendations are based on that 
feeling. Occasional tests recently have indicated this idea is 
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incorrect and that remixing without addition of water after an 
hour or two adds strength. More test data must be available 
before many engineers will change their ideas on this point. 

The engineer should indicate in the specifications as nearly 
as possible the limits which are to be imposed during construction. 
In case it is necessary to observe these rules it will be necessary 
to secure a record of the time each batch was mixed. The 
practice has been to throw away batches which are not placed 
within the time limit. 


Fia. 64.—A concrete house. All walls, floors, partitions, roof, gutters and 
down spouts are poured monolithic reinforced concrete. Excepting the door 
and window frames and wooden trim, nothing used in the entire construction is 
inflammable. Note the architectural features in the poured concrete, 


Methods of Distribution and Placing.—The methods of 
distributing and placing on any job will depend upon the existing 
conditions. Only general situations can be discussed here. 

Paving Mixer on Subgrade.—The simplest operation of 
distribution and placing occurs when a paving mixer is moving 
along on the subgrade. The concrete is emptied first into a 
bucket operating on a boom on the mixer. From the bucket it 
is dumped into place in the pavement. Workmen with shovels 
spread it around approximately to the proper grade. On 
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country road work mechanical finishing machines are sometimes 
used. Methods of finishing are discussed further on in this 
chapter. 

The cost of distribution in this case is low but is counter- 
balanced by a high cost of getting the materials into the mixer. 

Central Mixing Plants.—On many highway jobs and on some 
building construction, the concrete is mixed at a central mixing 
plant located at the railroad siding or the gravel pit. Movement 


‘Fie. 65.—Handling concrete with a bucket conveyor which can be moved about 
as desired. 


of the mixed concrete is usually done with automobile trucks. 
Occasionally industrial railroad equipment is used. The trucks 
have a capacity of from 14 to 2 cu. yd. and the truck of about 
1 cu. yd. capacity is most common. Some contractors prefer 
light trucks carrying small loads while others prefer the larger 
of greater carrying capacity. 
ahi nach an mix concrete should be designed to 
dump upon the release of a catch by the driver. Frequently 
some of the concrete will remain in the truck and unless the 
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body is held in the dumping position will return to the normal 
loaded position. It is only with difficulty that the body can be 
gotten to the dumping position again. 

Whenever wet mix or central mixed concrete is used on building 
construction a receiving hopper must be provided into which 
the concrete may be dumped from the trucks. This hopper 


Fig. 66.—View showing a 240-ft. tower and chutes for distribution of concrete. 


should be so designed and placed as to permit a minimum of 
hand handling of the concrete. 

On construction jobs that cover a larger area, it is possible to 
use narrow or standard gage railroad equipment. The concrete 
can be mixed at a convenient point nearby and transported in 
containers on the railroad cars. 

Methods of distribution at the building site will vary consider- 
ably and will depend somewhat upon the personal preferences. 
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of the men in charge. The various methods may be listed as 
follows: 

1. Chuting. 

2. Buggies or wheelbarrows. 

3. Overhead cableway. 

4. Belt conveyor. 

Chuting.—In this method the concrete is elevated so that it 
will flow by gravity down chutes into place in the forms. It 
has generally been considered necessary to use rather wet 
consistencies when the chuting method was employed, but on 
more recent jobs drier consistencies have been successfully used. 
When arbitrary proportions based on dry materials are specified 
and no allowance is made for bulking of the sand, the concrete 
may not contain sufficient fine aggregate to permit chuting of 
the drier consistencies. Correction for bulking will help and 
if not sufficient the proportions should be changed so that the 
amount of fine aggregate is increased. Concrete with as low as 
a 2-in. slump may be chuted if the gradation of the aggregate 
is correct. 

Most of the chuting work has been done where the proportions 
were arbitrarily specified and based on dry volumes and it has 
been the general practice to use wet consistencies, which have 
caused segregation and weak concrete. When chuting is to be 
permitted the specifications should outline a method of super- 
vision which will secure uniform concrete of the strength desired. 

Concrete Buggies or Wheelbarrows.—Another method of 
distribution is to raise the concrete sufficiently (usually in an 
elevator) so as to discharge into a hopper from which it may be 
taken by gravity into concrete buggies or wheelbarrows to be 
moved (horizontally only) to the forms. This method of 
distribution is applicable to the smaller bridge jobs and to build- 
ings and sidewalks. It permits the use of stiffer mixes than in 
the chuting method. Not as much money is spent in elevating 
the concrete but more is consumed in lateral distribution. A 
contractor working under a strength specification, can as pointed 
out above, increase the yield of the concrete by the use of the 
drier mixes. 

Overhead Cableway.—Concrete construction jobs covering 
large areas or of great length are especially adapted to the use 
of an overhead cableway for the distribution of the concrete. 
Long bridges and dams, sewage-treatment and water-storage 
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Fic. 67.—Slack line overhead cableway used for excavation first and then for 
the placing of concrete. 


Fia. 68.—Overhead cableway used in the construction of the Superior-Detroit 
high level bridge at Cleveland, Ohio. 
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basins come in the above classifications. In the case of the 
bridge or dam, the ends of the cable may be stationary, while 
in the others it has been found convenient to fasten the cable to 
towers that operate on extra-wide gage railroad track. A large 
bucket for transporting the concrete is operated back and forth 
on this cable. In the case of the North Side sewage treatment 
plant in Chicago, these buckets were filled with concrete at the 
mixers, transported on small railroad cars to the cableway, 
where they were picked up and moved to a receiving hopper. 
It is necessary to have a receiving hopper between the cableway 


Fic. 69.—Belt conveyors are being used to advantage now to transport concrete 
from the mixer to the forms. Note the slope of the belt. 


bucket and the forms; otherwise the force of the falling concrete 
might wreck the forms. The overhead cableway has proved 
satisfactory on a number of jobs because it has been available to 
move materials and equipment quickly and easily. 

Belt Conveyer.—A recent development in methods of dis- 
tribution is the belt conveyor, which moves the concrete both 
horizontally and vertically. Concrete of any consistency neces- 
sary in reinforced concrete work can be moved on the belt which 
may be run at an angle of 45 deg. or less with the horizontal. 

Placing Concrete under Water.—It is frequently necessary 
to place concrete under water. This can be done without a 
great deal of extra effort and without injury to the concrete. 
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Portland cement will set and gain strength under water so that 
the only unusual problem is to get the concrete in place without 
washing the cement away from the aggregates. Concrete 
should not be allowed to drop unprotected through water. 
The best method of depositing concrete under water is with the 
tremie pipe. The tremie pipe may be from 6 to 14 in. in diameter 


Fie. 70.—Mixing and placing plant for underwater concreting operations. 
A l-yard mixer was mounted on the barge with an overhead bin, the mixer 
discharging directly into the bucket of the steel tower. A boom was mounted 
on the tower supporting a feed chute from the tower and also supporting a tremie 
chute with feed hopper. The end of the chute from the tower discharged directly 
into the tremie chute when it was lowered into the water, and the feed chute 
was made adjustable so it could be moved forward and backward as the position 
of the tremie chute changed. Tackle was arranged on the boom for raising and 
lowering the tremie chute. 


and must be long enough to reach from the surface of the water 
down to the concrete. The pipe is first filled with concrete and 
lowered into the water until it reaches the bottom. Then as 
more concrete is added at the top, some is permitted to flow out 
at the bottom. Once the flow of concrete is started the bottom 
of the pipe is kept below the surface of the soft concrete. With 
this method there is practically no washing out of the cement. 
The pour should be continuous until the concrete is above the 
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surface of the water. Otherwise, there may be a porous seam 
where two different pourings join. 

Another method of placing concrete is to use buckets to take it 
from the surface to its position under water. Some washing 
out of the cement takes place as the concrete is dumped from the 
bucket. 


FINISHING 


Concrete surfaces may be finished in any one of the following 
methods: shovel, wooden float, canvas belt, steel trowel, spading 
tool, or grinding stone. The finish given will depend largely 
upon the use to be made of the surface. 

The finish produced by going over the surface of the concrete 
with the back of a shovel is known as a shovel finish. Shovel 
finishes are sometimes given to pavement bases for bituminous 
wearing surfaces or to surfaces which are later to be covered 
with a portland cement mortar coating. Shovel finishes are not 
very: smooth or attractive and are not recommended as good 
practice. 

A float finish is secured by going over the surface with a wooden 
float. Wooden floats are of two types: hand and long handle. 
Hand floats are used where a reasonably smooth surface is 
desired, such as ona sidewalk. The long-handled float is used on 
larger surfaces where a bridge would be necessary in order to 
use the hand float. The long-handled float does not produce as 
smooth a surface as the hand float. 

Canvas belts may be used to give about the same kind of a 
finish as the wooden float. The advantage of the canvas belt 
over the float is that the labor costs are much less. ‘The canvas 
belt may be used on sidewalks or pavements. 

A steel trowel produces a much smoother surface than does 
any of the other tools mentioned. It works better on mortars 
than on concrete. The steel trowel may be used to finish floors, 
steps, sidewalks, or any horizontal surface. Sidewalks, however, 
had better be finished with the float because the steel-trowel 
finish when wet is dangerously slippery. 

Vertical surfaces are usually finished by spading the concrete 
as it is placed in the forms. The purpose of spading is to bring 
mortar to the surface against the form and to compact the 
concrete. 


130 PLAIN CONCRETE 


Fie. 71.—Showing steps in the construction of two-course combined curb and 
gutter. 


a. The forms and strike-off tool. 

b. Filling curb forms. Note that lower portion has been filled with concrete and that the 
inside curb form is held in place with clamps. 

c. As soon as concrete is in place, the top coat of mortar is put on. The strike-off tool 
shapes the surface of the mortar. 

d. Smoothing up irregularities with special curb tool. The ridge will be removed with 
an ordinary trowel. 

e. Running edger. 

f. Finished curb and gutter. 


Fie. 72,—Showing segregation in poured concrete wall due to wet concrete, lack 
of spading, and flowing of concrete in forms. 
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Where an unusually smooth surface is desired the concrete 
may be finished with a grinding stone. In such eases it is not 
uncommon to use special aggregates near the surface in order to 
produce certain color effects or designs. The grinding is con- 
tinued until the cross-section of the aggregate is shown. Floors 
and walls of buildings are frequently finished in this manner. 
Sometimes the surface is smoothed up with a carborundum stone 
after the forms are removed. 

Any surfaces of concrete exposed to the elements should be 
dense to prevent water from seeping in. Continued wetting 
and drying or freezing and thawing will in time disintegrate 
the surface unless the concrete is made strong enough to with- 
stand such actions. Special effort should be made on exposed 
surfaces to secure dense, durable concrete in order to withstand 
this extra stain. 

Ornamental Finishes.—Concrete is normally thought of as a 
material which lacks possibilities for ornamentation purposes. 
John Early of Washington, D. C., has been doing some very fine 
work with an exposed aggregate concrete. Architects are using 
portland cement stucco to secure desired color effects and designs 
on exterior walls. In other cases they are using the polished 
surfaces mentioned above. Designs are also being painted on 
the concrete. Brief descriptions will be given of each. 

Work of Mr. Early.—Mr. Early is an artist and a sculptor, 
and plans all of the designs himself in consultation with the 
architects. Drawings are made full scale showing the arrange- 
ment of colors. From these drawings workmen trace the designs 
on a plaster-of-Paris board with a small gouging tool. Another 
plaster-of-Paris board is then cast over the first one so that 
the lines are raised rather than depressed. The concrete is 
poured on this second board. 

Ordinary gray cement and specially prepared colored aggre- 
gates are used in the concrete which forms the surface layer. 
The aggregates may be either crushed marbles, colored vitrified 
shales, or colored glass. The surface layer of concrete with 
the special aggregates is placed on the plaster-of-Paris board 
and is then backed up with concrete using ordinary aggregates. 
Within 24 to 48 hours the form is removed and the aggregate 
exposed by means of wire brushes. All this work is done in 
the laboratory or workshop and when properly hardened is trans- 
ported to the job and put in place. The Shrine of the Sacred 
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Heart in Washington, D. C., is probably Mr. Early’s most notable 
piece of work. 

Art Marbles.—Imitation marbles are being produced using 
colored cements and crushed marbles for the aggregate. In 
some cases no effort is made to imitate marble but certain 
patterns or designs are worked out through the use of colored 
cements and marble aggregates. In either case the methods 
are alike. 


Fic. 73.—Interior view of Sacred Heart Church, Washington, D.C. Decora- 
tive effect secured through the use of colored aggregates in the surface layer 
of concrete. 


Concrete made with cements and aggregates of the desired 
colors are molded into the required shapes. Normally only 
the surface layer about 14 in. in thickness is made with the 
special materials. Cheaper materials are used for the backing-up 
concrete. After the concrete has hardened properly the surface 
is ground away until the aggregate is exposed in cross section. 
Almost any color, combination of colors, or shape can be secured. 
The cost compares favorably with that of marble. This work 
is all done in the factory and the finished pieces are put in place 
as needed on the job. 
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Terrazzo.—Terrazzo is a form of art marble but is made 
in place in the structure. It is used mostly for floors in homes 
and public buildings of all kinds. The concrete is placed first 
in the usual manner. Colored aggregates are then spread over 
the surface and rolled in. As soon as the concrete has hardened 
sufficiently the surface is ground to expose the aggregates. 
Designs can be worked in or not as desired. 

Cast Stone.—Exterior walls of buildings are being built 
with blocks of concrete which resemble cut natural stone. 
These are made of the same quality of concrete all the way 
through. Wetter mixes are used than in the case of the concrete 


Fria. 74.—Showing detail of a column in the Sacred Heart Church, Washington, 


building blocks mentioned previously. The concrete is permitted 
to remain in the molds at least 24 hours. The block manu- 
facturer has a secret method of securing the surface which resem- 
bles the cut stone. 

Stucco.—Portland cement stuccoes are being used on the 
exteriors of homes and public buildings. Certain color effects 
and designs may be secured by the inclusion of a coloring com- 
pound or by the use of colored aggregates after the stucco is in 
place but before it has hardened. Rough or smooth finishes 
may be produced by the man doing the work. Certain designs 
or patterns may be worked in by shaping the stucco. A dash 
coat of colored stucco is extensively used on the Pacific coast 
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a. b c. 


a. Colonial. Sanded surface finished with wood or cork float. 
b. California texture. A carpet floated rough cast. 
c. French trowel. Finished with a sweep stroke of the trowel. 


d. Italian Cottage. A sponge finish on a soft plastic surface. 
e. English. Spotted by side stroke of trowel. 
f. Italian. A troweled rough cast. 


g h a 
g. French Brush. Uneven sand surface, hand rubbed. 
h. Spanish. Feathered with wood float. 
i. English Cottage. Feathered with edge of trowel. 


Fia. 75.—Some stucco finishes, 
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on monolithic walls to control color without changing the texture 
of the concrete. 

Painted Decorations.—A great variety of decorative effects 
may be secured by staining and painting concrete surfaces. 
The final effect secured will depend somewhat upon the texture 
and freedom from blemishes of the surface. Special care must, 


Fia. 76.—Painted decoration of ceiling in Los Angeles Public Library. Paint 
and stain were applied directly to the concrete. 


therefore, be exercised and only experienced workmen employed 
when the best results are desired. 

After the concrete has had a sufficient amount of moist curing, 
it should be thoroughly dried out before proceeding with the 
decorating work. A coat of aqueous solution of zine sulphate 
(4 lb. of crystallized zine sulphate to 1 gal. of water) should 
be applied first in order to neutralize any lime that may be on 
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the surface. By tinting the solution with a pigment color the 
danger of leaving untreated areas may be avoided. 
After an interval of at least 48 hours, a primer coat of boiled 
linseed oil should be applied to prevent the stain or paint from 
penetrating too deeply in the concrete. Pigment color should 
also be added to the priming coat for the same reason as given 
above. If the concrete is dense it may be necessary to add 
turpentine to the oil in order to secure the desired penetration. 
As soon as the priming coat is dry the surface is ready for the 
stain or paint. Stains consisting of a mixture of boiled linseed 


Fie. 77.—Screed type of finishing machine. There is no tamping bar on this 
machine, 


oil and Chinawood oils, thinned with turpentine or naphtha 
and colored with pigments have proved satisfactory. A high- 
grade linseed oil paint can be used as a stain if thinned sufficiently. 
Pleasing effects have been secured by staining the entire surface 
and then stenciling designs on with paint. Thin clear varnish 
or shellacs may be applied to protect the painted surfaces.! 
Finishing Concrete Pavements.—There are a variety of 
methods and combinations for finishing concrete pavements. 
First the concrete must be struck off to the desired shape and 
grade. The only method to secure a satisfactory surface is to 


1 For a more complete description see “Concrete in Architecture,” a 
rochure prepared by the Portland Cement Association. 
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use a strikeoff which operates on side forms. Long-handled floats 
or lutes have proved unsatisfactory. After the concrete has 
been struck off to its proper shape, it is customary to roll or 


Fig. 78.—Tamping type of finishing machine. Tamper is just back of screed. 


tamp. Rolling and tamping should be kept at a minimum in 
order not to bring to the surface any dirt or laitance. Some 
engineers are omitting this step entirely. Solid and perforated 


Fig. 79.—Checking surface with “straight edge. Concrete pavements are 
required to be within }4 in. of true. 


rollers are available for rolling and mechanical tamping machines 
can be used on the country road for that operation. The rollers 
are pulled back and forth across the surface with ropes. The 
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Fic. 80.—Finishing a city concrete pavement. a. After concrete is deposited 
to full depth it is struck off with a templet cut to the exact shape of the finished 
pavement. 6. Then it is rolled and struck off again with the templet as indi- 
cated previously. c. After the concrete has set slightly a 10-ft. straight edge is 
pulled transversely across the surface to remove any irregularities and the soft 
concrete which has worked to the surface. d. Next the surface is gone over with 
a 10-ft. long-handled float. e. The surface adjacent to the expansion joints 
must be struck off with a 3- or 4-ft. notched straight edge. f. The final opera- 
tion is to use a canvas belt fastened to a thin bending strip of wood. The last 
time over with the belt it should be moved longitudinally with no transverse 
movement. g. The appearance of the finished surface. h. A good surface at 
intersections can be most easily secured when poured one-fourth at a time, with 
forms set to line and grade along the center lines of both streets. 
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rollers have a tendency to distort the surface especially if the 
concrete is soft, so that it is advisable to go over the surface 
again with the strikeoff or with a 10-ft. straight edge. Very 
good results can be secured with the latter at this stage of the 
finishing operations. The straight edge should be made of light 
materials and should be on a long handle so that the entire 
surface can be reached from either or both sides. Pull the 
straight edge transversely across the pavement making no effort 
to dig in or move large amounts of concrete. Its chief purpose 
is to remove the soupy mixture which has been worked to the 
surface and to smooth out any irregularities which have developed 
during the rolling operation. The use of the straight edge in 
this manner will produce a smooth riding surface. Following 
the straight edge operation the surface is ready for the belting. 
Common practice is to make a belt of from one to three thick- 
nesses of canvas and several feet longer than the width of the 
pavement. This belt is quite flexible and follows the surface 
without correcting any high or low places. In some work in the 
city of Champaign, IIl., during the summer of 1927, a new type 
of belt was developed consisting of one thickness of canvas applied 
to a thin bending strip of wood. The wood has sufficient rigidity 
to trim off the high places and carry all extra material along to 
fill in low spots. A smoother surface was secured with this 
type of belt than with the ordinary one. 

Scaling.—Some trouble has been experienced with scaling on 
concrete pavements. A thin layer, about 1¢ to 14 in. in thickness 
comes loose from the rest of concrete, usually after one or two 
winters. Various reasons have been advocated and the following 
explanation seems most logical. Small amounts of dirt and 
. dust exist in all aggregates and are not harmful to the quality 
of the concrete if uniformly distributed throughout the entire 
mass of concrete. If an excess of mixing water is used much of 
the dirt and dust is brought to the surface as this excess mixing 
water is removed. Not much strength is developed as a result 
in the top layer and scaling follows. 

In order to prevent scaling, (1) the aggregates should be 
comparatively clean; (2) the amount of mixing water should be 
only enough to produce a slump of about 1 in. for pavement 
concrete; (3) the concrete should not be worked any more than 
necessary to produce the desired surface; and (4) the watery 
mixture on the surface should be removed before the last steps 
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in the finishing operations, as shown in Fig. 82. When these 
precautions have been taken scaling has not resulted. 


PROTECTION 


Concrete must be portected from heat, wind, rain and cold 
during the setting period and the first stages of hardening. Heat 
and wind will dry out the surface and cause the concrete to 
check or crack. The only damage that rain can do is to marr 
the surface. Cold can, of course, prevent the concrete from 
gaining strength rapidly enough and in ease of freezing too 
quickly may stop all possibilities of any gain in strength. 


Fia. 81.—A good example of scaling. This pavement was laid in 1923 and the 
picture was taken in 1927, 


Protection from Heat and Wind.—In protecting concrete 
from heat and wind, the chief purpose is to prevent evaporation 
of the mixing water. If the cement paste is permitted to dry 
out during the setting period shrinkage cracks will develop in the 
concrete. Shrinkage cracks are undesirable because of the 
consequent weakening of the concrete. 

Protection of horizontal surfaces from the wind and sun is 
most easily accomplished by carefully placing strips of wet 
burlap or canvas directly on the concrete and then keeping 
them wet by subsequent sprinkling. Canvas stretched on 
frames may be used but is hard to handle in strong winds. 
Frames are also easily broken so that most contractors prefer 
to use the strips laid directly on the concrete. Canvas or burlap 


PLACING, FINISHING, AND CURING OF CONCRETE 141 


carefully laid on the surface will not produce objectionable 
marks on any concrete which is finished with a belt or a wooden 
float. In cases where a steel trowel finish is desired, the protec- 
tion must be accomplished in such a way that the covering 
material does not touch the concrete. Vertical surfaces are 
protected by the forms and need no special attention. 
Protection from Rain.—Rain falling on concrete will not cause 
a reduction in the strength. The cement in upper surface, 
however, may be washed out down to the coarse aggregate. 


Fig. 82.—Removing thin, watery mixture from surface of concrete pavement 
to prevent scaling, 


More cement paste can be brought to the surface by additional 
floating, rolling, and belting, provided the concrete is soft 
enough. If the concrete is too hard to be reworked, nothing 
much can be done except to give it a flush coat of cement and 
fine sand. Its appearance is not so good as the regularly finished 
surface but after traffic has used the pavement a while no differ- 
ence can be detected. . 

Protection from the rain is most easily accomplished with 
canvas. Burlap is not good because of its non-waterproofing 
qualities. The water can get through the burlap in sufficient 
quantities to wash the surface quite badly. Most canvas is 
not 100 per cent waterproof but does keep out a satisfactory 
amount and is much better than the burlap. 
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The public generally is a bit skeptical about the quality of 
concrete which has been rained upon and because of this feeling 
it is advisable to require the contractor to provide himself with 
canvas to protect the concrete in case of rain. A nicer appearing 
surface will result and this is appreciated by the residents along 
the street. In case of rains of long duration the concrete can 


be finished underneath the canvas. 


SiG: 83.—Top. Carrier for canvas or burlap used in protecting pavement concrete 
during the first day. Bottom. Placing strips of burlap on soft concrete. 


Protection from Cold.'—Protection of concrete from cold is 
much more difficult and expensive than from the other items 
and failure to do so may result in much greater losses. Goncree 
which is frozen does not gain strength, and concrete which is 
just above the freezing point gains strength very slowly, if at all. 


1 See also discussion in Chap. 11 of the effect of temperature on compres- 
sive strength. 
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Concrete which is frozen before it is completely set, most prob- 
ably is damaged permanently. Sometimes only the surface 
layer is frozen and later separates from the rest. 

The first step in protection from freezing is to raise the tem- 
perature of all of the materials well above the freezing point, but 
not in excess of 125 to 150°F. The hotter the concrete is when 
placed in the forms the easier will be the problem of protection. 

Buildings may be entirely enclosed with canvas and heated 
with salamanders or live steam. Forms aid in retaining heat 
and keep out cold. Bridge abutments and piers may be packed 


Fic. 84.—Showing protection of concrete on building construction during cold 
weather. 


in straw or enclosed in canvas and the air under the canvas 
heated. Any method which will keep the concrete from freezing 
without injuring the concrete is satisfactory. 

Protecting pavement concrete is much more of a problem 
because of the large amount of exposed surface in comparison 
to its volume. It is so expensive and the results so uncertain 
that not many attempts are made to pour concrete pavements in 
cold weather. The subgrade must not be frozen when the 
concrete is placed, which means that it must be kept from freez- 
ing or thawed out. Straw and manure are probably the most 
effective coverings for protecting concrete against freezing. 
The former may be placed as soon as the concrete is shaped with 
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no appreciable amount of marking of the surface. The manure 
is more effective than the straw but because of its weight may 
mar the surface if placed as soon as the concrete is shaped. 
Calcium chloride may be added to the mixing water in amounts 
equal to about 2 per cent of the weight of the cement. This 
will lower the freezing point of the water approximately 5°F. 
Calcium chloride also has the effect of speeding up the hardening 
action, so that the concrete will require protection for a shorter 
time. Calcium chloride should not be depended upon for the 
lowering of the freezing temperature, and the usual protection of 
covering and heating should be used. 
’ Calcium chloride should never be placed in the mixer in the 
solid form, but should be dissolved in the mixing water first. 
Usual practice is to prepare the calcium chloride solution in 
barrels and then add a given amount of the solution to each batch. 
For an example, 2 lb. of calcium chloride are to be added for each 
sack of cement. The solution is to be prepared in barrels holding 
50 gal. The calcium chloride is received in 100-lb. packages. 
Place two 100-lb. packages of the chloride in about 40 gal. of — 
water and stir until dissolved. Add other 10 gal. of water and 
stir again. The amount of solution necessary to place 2 lb. of 
the chloride per bag of cement is found 


2600 X 50 gal. = 14 gal. 


The amount of mixing water added in the usual manner is reduced 
then by 14 gal. 


CuRING 


Concrete begins to gain strength as soon as the setting action 
is complete. Most of the strength acquired by concrete is 
developed in the first 28 days. Certain strengths are figured in 
the design of the structure and it is expected that these strengths 
will be developed within the first 28 days. Any strength devel- 
oped after 28 days is extra and adds to the factor of safety in the 
design. The tendency now is to speed up construction by 
developing the desired strengths in less than 28 days. 

One of the methods used to develop strength and resistance to 
weathering is known as curing. Just how much strength will be 
added will depend upon conditions, and may vary from 25 to 
100 per cent of the strength secured without curing. This 
increased strength is secured at a comparatively low cost. 
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Proper curing adds, also, to the wear-resisting qualities of the 
concrete. Concrete used in pavements is subjected to consider- 
able wear and, therefore, curing of concrete pavements is doubly 
important. Because of the general relationship, which indicates 
good wearing qualities with high strengths, there is a tendency to 
omit proper curing of concrete pavements when the strength test 
results are higher than felt necessary. High compressive 
strength in the mass of the concrete under the wearing surface 
is not necessarily a measure of the wearing qualities of the surface 
layer. Proper curing of concrete pavements is essential regard- 
less of the strength being developed. 

Proper curing will also add to the waterproofing quality of the 
concrete. ‘The development of additional compressive strength 
mentioned above produces a concrete which is better able to 
resist the passage of water through it. This passage of water is 
normally through the cement paste and not through the aggre- 
gate. Anything that will improve the quality of the cement 
paste, therefore, will improve the waterproofing quality of the 
concrete. 

Concrete in order to gain the greatest amount of strength needs 
both water and heat. Water is mixed with the cement and aggre- 
gates tomakea workable mass and toaid in placing. Theamount 
of water required for proper hydration of the cement is equal to 
about 10 per cent of the weight of the cement, while the amount 
of mixing water actually used is often in excess of 50 per cent. 
If the mixing water can be kept in the concrete, there is sufficient 
water for curing purposes. Curing consists then in preventing 
the evaporation of the mixing water. 

The greatest benefit from curing is secured when the concrete 
is prevented from drying out for a period of at least 3 days. 
Valuable results are secured up to about 10 or 14 days. 
Engineers generally do not consider it worthwhile to keep the 
concrete wet more than 14 days, even though the desired strength 
is not then developed. As the concrete develops strength the 
rate of evaporation is reduced, which in turn helps to retain the 
moisture in the concrete. 

Methods of Curing.— Wherever forms are used they should be 
left in place as long as possible. In case it is necessary to remove 
them, the surfaces of the concrete may be kept wet by sprinkling 
with water. The amount of sprinkling necessary will depend 
upon the rate of evaporation. The tendency has been to omit 
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curing of building concrete. Because the buildings are designed 
with a factor of safety of three or four, there is small chance for a 
failure of the structure due to improper strength resulting from 
the omission of the curing. In many cases, however, the factor 
of safety has been reduced below that figured in the design. 

The most difficult problems of curing are found in connection 
with pavement concrete, where there are large exposed surfaces 


Left. Continuous spraying. Right. Covering with straw and wetting inter- 
mittently. 


Left. Ponding. Right. Covering with dirt and wetting intermittently. 
Fig. 85.—Methods of curing. 


open to the sun and wind. This exposed surface also receives 
the wear of traffic and therefore needs extra quality. Any of 
the following methods of water curing are generally permitted. 
Engineers differ on the desirability of the others. 

Covering with Earth or Straw.—As soon as the concrete is 
sufficiently hard, a layer of approximately 2 in. of earth or 6 
in. of straw is spread over the surface and kept wet for a period of 
from 3 to 10 days. The frequency of wetting will depend upon 
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the rate of evaporation which in turn depends on the material 
and the temperature and humidity of the air. One to three or 
four wettings per day of the coverings are necessary. 

Whether dirt or straw will be used will depend upon the cost 
and availability of straw. The labor charge is high in connection 
with the use of earth. Wet earth curing on city streets may be 
undesirable if there are many pedestrians desiring to cross the 
pavement. The surface of the concrete can not be readily 
cleaned of all the dirt covering which will cause large amounts to 
get into the drainage system or may become a nuisance to the 
residents along the street by being blown about. 

Ponding.—A method now rarely used is to build dikes across 
and along the pavement and to place water between the dikes. 
The chief objections to the method are: the dikes are easily 
broken; they may need to be quite high or close together because 
of the slope of the pavement; and the amount of water is excessive 
compared to the other methods. 

Sprinkling.—The surface of the concrete may be kept wet by 
continuous or intermittent sprinkling. This method has not 
found general application for pavements. 

Calcium Chloride.—Flake calcium chloride may be sprinkled 
uniformly on the surface at the rate of 2 to 214 lb. per square 
yard. The calcium chloride should be applied on the morning 
following the pouring of the concrete, providing of course rain 
is not falling. If rain does not fall on the calcium chloride within 
4 hours after it is applied, no further applications are necessary. 

Calcium chloride is a deliquescent salt and absorbs sufficient 
moisture from the atmosphere to completely dissolve itself. 
Just how the calcium chloride functions in curing the concrete is 
still a matter for conjecture. 

The length of time necessary before opening to traffic will 
depend upon the strength necessary. If strength tests are not 
made, a safe policy to follow is not to open before the end of 
10 days in the summer, 15 days in the late spring and early fall 
and 21 days or 28 days in early spring and late fall. 

Calcium chloride is best spread uniformly with a mechanical 
spreader. Too much calcium chloride may have a more harmful 
effect than none at all. Persons with ordinary leather-soled 
shoes should not walk on the freshly applied calcium chloride, 
as the chloride will draw all of the moisture out of the leather. 


148 PLAIN CONCRETE 


Calcium chloride curing has certain advantages over the other 
methods mentioned above. Cost of application is compara- 
tively low. Once applied there is no further work necessary. 


Fia. 86.—Mechanical spreader for applying calcium chloride. 


There is no dirt or muss which affects residents or pedestrians. 
When the concrete is of the proper strength, the pavement may 
be opened at once. In the case of dirt or straw covering the. 


Fia. 87.—Calcium chloride on the surface of a concrete pavement. Left. 


Immediately after application. Right. Two hours later. Note uniformity of 
distribution. 


pavement may not be used until the contractor has cleaned 
away the curing materials. Many contractors prefer to use this 
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method for the above reasons. Not all engineers, however, 
permit its use. Certain surface defects, the chief of which is 
scaling, have appeared on calcium chloride cured pavements and 
calcium chloride has been blamed. Engineers are divided as to 
the responsibility for these surface defects. The author’s 
experience has been that calcium chloride properly applied to 
concrete properly made and placed will give satisfactory results. 
’ Water-glass Curing.—Water glass may be applied to the 
surface of concrete pavements as a method of curing. The 
effect is to seal up the surface and thus prevent evaporation. 
Application is made on the morning following pouring. This 
method has been chiefly used on vibrolithic concrete pavements. 
This method has the same advantages as mentioned for calcium 
chloride. 


Questions 


1. What time interval may be permitted between mixing and placing of 
concrete in the forms? What factors influence the time interval? 

2. What is meant by central mixing of concrete? central proportioning? 

3. Discuss various methods of transporting the mixed concrete from the 
mixer to its final place in the forms. 

4. What is a float finish? trowel finish? What is terrazzo? stucco? 
art marble? 

5. What is the purpose of curing concrete? What methods may be used 
to cure large flat surfaces? vertical surfaces? 

6. What factors should be considered in determining when concrete is 
ready to be used? 

7. Tests do not show much, if any, difference in strengths at early ages for 
wet and dry cured concrete. Wherein then lies the importance of curing? 

8. What effect does temperature during the curing period have upon the 
strength of concrete? 

9. What is meant by checking or hair-cracking of concrete? What is its 
cause? 

10. How may concrete be protected from the cold? 


CHAPTER 9 
FIELD CONTROL OF CONCRETE 


The discussion of field control of concrete is more or less 
intimately connected with that on production. Methods of 
production and their relationship to the quality of the con- 
crete produced have been explained in the two preceding 
chapters. Ways of controlling quality of materials and methods 
of construction are treated in this chapter. 

During the period since about 1915, and especially since 
1920, there have been many developments in the field control of 
concrete. Practices are not standardized today and probably 
never will be, yet there is much similarity in the work and 
the ideas of various engineers. The purpose of field control 
is to secure concrete of the desired qualities. It is not sufficient 
simply to specify that the contractor shall produce concrete 
of a given quality. Each shipment of materials must be checked 
and every detail of construction must be supervised in order to 
secure the desired results every time. At first, contractors 
generally resented strict field control of their work, but have 
since learned that intelligent supervision of their work helps 
them to get better work, frequently at less cost. 

The public is being educated by various agencies to the neces- 
sity of testing by properly qualified testing organizations. 
Much of our advertising today consists in giving results of tests 
on the materials being advertised. Materials associations 
through their promotion men are urging public officials to test 
the materials they are using and to supervise thoroughly the 
construction work. The state highway departments have devel- 
oped large organizations for field control. Consulting testing 
engineers are available to the communities and concerns that 
can not build up organizations of their own. 

Field control of concrete involves the testing of the materials, 
supervision of the methods of construction, and the testing of 
samples of concrete prepared from the concrete being used. 
Inspection is the critical observation of the quality of materials 
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or a process of construction. The operation of field control 
on a large scale may include the work of a number of inspectors 
and testing engineers. On smaller jobs all the operations 
may be handled by one person. 

Field Control of State Highway Work.—In most of the state 
highway organizations the field control of the materials is in 
the hands of a bureau or division of materials. This bureau 
generally has complete charge of all work relating to materials. 
Inspectors are placed at the various materials plants from which 
material is being used on any state work. These men remain 
at the plants during the construction season and have no other 
duties during that time. Usually the highways department 
will have a contact man to visit the inspectors at frequent 
intervals to check up on their work and to settle any difficulties 
that may have arisen between the plant men and the inspector. 

Cement Inspection.—A complete set of tests on portland 
cement requires 28 days. To wait 28 days before using the 
cement is usually impracticable, with the result that most cement 
is accepted or rejected on the basis of the soundness test at the 
plants where the results have been satisfactory on tests made 
previously. Where the results of previous tests have not 
always been satisfactory, it is policy to check particularly on 
the tests in which the results have been unsatisfactory, even 
though it may involve holding the material for 28 days. 

A sample of cement is usually taken from each carload lot 
after the cement has been loaded into the car. The soundness 
test is made immediately and the result sent to the inspector 
on the job. At regular intervals samples are taken for the 
purpose of making a complete set of tests. The interval between 
samples will depend somewhat upon the quality of cement 
being tested. If the cement from the plant is just passing the 
specifications, it is advisable to take samples oftener than when 
the cement is of much higher quality. Samples for check pur- 
poses may be taken every day or only every week. 

Aggregate Inspection—Once the quality of the material 
from a given pit or quarry is established, the only tests necessary 
in the field are for clay and silt content and for gradation. 
In some cases the former test is waived on each carload if the 
results of previous tests have been satisfactory. A sieve analysis 
determination is easily and quickly made, so that the pit or 
quarry operator knows usually before the car has started on 
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its journey whether the material is satisfactory or not. In the 
case of aggregates it is customary to place a satisfactory card 
on the car. 

Reports.—The inspectors keep complete records of all of 
their tests. Reports are sent each day to the resident engineers 
or inspectors, as the case may require, on the materials which 
are shipped or tested that day. Duplicate copies should also 
be sent to the main office of the bureau of materials and to the 
field man in charge of the inspection of materials. Generally 
the men placed on the inspection service are non-technical men 

_or the younger engineers who are just beginning with the depart- 
ment. These men need careful supervision and the system of 
reports should furnish a check on what they are doing. 

Construction Inspection.—Construction inspection is the 
most important part of the field control work. Unless the 
materials are properly put together, 
the structure may fail. With concrete 
the quality is not known at once and 
in the interval while it is gaining 
strength, other portions of the struc- 
ture are added. The concrete in each 
portion must be of the proper quality, 

otherwise the structure may fail when 
it is finished or nearly finished. Even 


Fia. -88.—The cubic foot box, 
which is often used on construc- : : 
tion work to check the volume though a failure in a pavement may 


Dh the me eaurine hopogrs: not result in loss of life or damage to 


property it is desirable to do the work 
correctly the first time. In city work it is often difficult to secure 
funds for either the original construction or for renewals. 
Many highway departments divide the paving work into 
sections varying from about 4 to 10 miles in length. An inspector 
is necessary at the measuring plant and one at the point where 
the concrete is being deposited. The inspector at the plant 
on central mixing can easily handle both the measuring and the 
mixing. If the mixing is done on the road, that inspector may 
have more than he can attend to thoroughly. He should not 
have duties which will take him away from the work except for 
short intervals. 
The inspector at the measuring plant should check each 
batch to see that it has the proper amount of materials in it. 
Most specifications require the use of automatic measuring 
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devices, so that the work of the inspector along this line simply 
requires his observation as to the number of measuresful placed 
ineach batch. Cement is usually handled in sacks which requires 
a check each time on this item. 

If the mixing is done at the measuring plant, the inspector 
must also check on the time of mix, the charging and unloading 
of the drum, and on the consistency of the concrete. Timing 
devices are ordinarily required which lock the discharge apparatus 
until the proper mixing time has elapsed. Occasional checking 
of the timing apparatus is all that is necessary. All specifications 
provide that the materials for one batch shall not be placed 
in the mixer until all of the previous batch has been discharged. 
In order to speed up operations there is a tendency on the part 
of the mixer operator to start the materials for one batch into 
the mixer before all the concrete of the previous batch is out. 
This may not be serious if the quantities are small, but should 
be watched. 

Practically all highway work is done with the proportions of 
the dry materials specified. The amount of water to use is 
determined on the job and usually no attempt is made to measure 
it as to the number of gallons. An effort is made, however, to 
secure the same amount of mixing water in each batch. The 
inspector at the mixer should, if possible, make consistency tests 
from time to time, partly as matter of record and partly to show 
the mixer operator how he is varying the consistency. The 
slump test is the one most often made in the field. The real 
benefit of the slump test comes in keeping the concrete of the 
proper consistency. If the inspector does not have to make 
the tests and report in to some superior officer, he is quite likely 
to disregard the consistency entirely. Even though the concrete 
is of the proper consistency the slump test should be made in 
order to keep it so. 

Several state highway departments are specifying the exact 
amounts of water and cement and require that the consistency 
be regulated by means of the gradation and quantity of the 
aggregate. When the fine aggregate is measured inundated, the 
amount of water in the inundated sand must be determined so 
that it can be subtracted from the total amount of mixing water 
in order to get the amount to be added separately. Since the 
amount of water in the inundated sand remains practically 
constant from batch to batch, the initial determination is all 
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that is usually necessary. In cases where the sand is measured 
not inundated, either by volume or weight, it is necessary to 
determine the moisture contents from time to time in order to 
correct the amount of water being added separately. Variations 
usually occur during rainy weather or when the material is 
taken at random from cars or stockpile. Often there is a 
difference in the moisture content of the sand in the car and in 
the stockpile. More supervision is required for this method 
than is usually given under arbitrary proportioning, with the 
result that better and more uniform concrete is secured. 

In other cases, arbitrary proportions and consistency are 
specified, and once the amount of water required to give that 
consistency has been determined, the same amount is used in all 
subsequent batches. The field control operations then are the 
same as given in the preceding paragraph. Contractors at first 
objected to the water-cement ratio specification because they 
did not have information on which to base their bids. The 
latter method overcomes this objection to some extent. 

The inspector at the point where the concrete is being placed 
must check up to see that the correct amounts of concrete are 
being placed, that the reinforcing steel is properly placed, and 
that the concrete is properly finished and eured. Proper methods 
for each particular job should be described in the specifications. 
Most highway departments supplement their specifications with 
a field manual. 

The inspector, if given careful supervision, need not be a 
graduate engineer. Most of his work is the checking of certain 
items in a given manner. Ordinarily the inspector will not have 
any authority to make any changes in the regular procedure to 
fit special occasions. Most road jobs where the contractor 
develops any speed in construction will require the service of 
an engineer to lay out the work. The inspector then will be 
under the direct supervision of the resident engineer. 

Frequently there are a number of jobs close to each other so 
that it is possible to place one man in charge of several sections. 
This man will spend all of his time giving general supervision 
to work. It has been found that the man who visits the job 
occasionally can do much to keep things going properly. Coming 
on the job fresh and looking it over as a whole, he can catch up 
points that are being overlooked by the inspectors. New 
situations and conditions are continually arising which the 
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inspector often is not capable of handling. Occasionally the 
inspector and contractor get into trouble with each other and 
need straightening out. 

Field Control on City Paving Work.—The problems encoun- 
tered on city paving work are similar to those on the country 
road, so that the necessity is as great in the city as in the country. 
As a rule, however, not as much is done in the cities, largely 
because of a lack of finances. The larger cities will have enough 
work to employ testing engineers, inspectors, and construction 
engineers all year and it is only in the smaller cities that very 
little or nothing is done in field control. Some of the larger 
cities carry on research work as well and use the same organi- 
zation for both purposes. 

For the smaller cities unable to develop their own organiza- 
tions for field control, there are consulting engineering firms 
specializing in testing of materials and inspection of construction. 
In many cities all of the engineering work is done by consulting 
firms that handle all phases, including estimates, plans, specifi- 
cations, contracts, inspection of materials, and supervision of 
construction. 

For construction inspection many times the inspector knows 
nothing of concrete work. Often some property owner along 
the street is employed or the job is given to some one to repay 
a political debt. An inspector who is not familiar with concrete 
may do more harm than good and often unnecessarily causes 
the contractor extra expenses. 

Much better results are secured when the inspectors are 
employed regularly and are given some training and lots of 
supervision. Many cities can employ their inspectors for 
a season at least so that it is worthwhile to spend some time 
and effort in a systematic training course. Often these men 
are available for a number of years in succession and if they 
are satisfactory should be employed, largely because of their 
experience. 

It is necessary to give the inspectors daily supervision, the 
same as in the country road work. The jobs ordinarily are 
closer together so that one man can handle more inspectors. 

Field Control on Building Construction.—The same items 
need control on building construction as on the highway work. 
The problem is different in that the amount of work under the 
control of an engineering or an architectural firm may be com- 
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paratively small, and ordinarily, no large organization is devel- 
oped. If the firm has a number of jobs going at the same time 
one man may be used to supervise, in a general way, all of 
the work. An inspector is placed on the job who supervises 
the handling, measuring, and mixing of the materials, and the 
transportation, placing, finishing, and curing of the concrete. 
All these operations are usually taking place in a small area and 
can be controlled by a small number of inspectors. 

Not as much is ordinarily done in the checking of materials 
for building construction as for the highway work. Architects 
receive practically no testing training in college and unless they 
secure an appreciation of its value through sad experiences, 
not much attention is paid to the selection of materials. 

Job Test Specimens.—It is becoming more and more common 
to make specimens for testing purposes as the concrete is being 
placed in the forms. As a rule these specimens are cured in the 
field under the same conditions as the concrete in the structure. 
Tests are made at various ages to determine the strengths being 
developed. Frequently, use of the structure is permitted when 
the test specimens show certain strengths. This is particularly 
true in connection with highways where the beam test has been 
developed for use in the field. The strength required before 
opening to traffic in the case of the pavement will depend upon 
the thickness of the slab, its design and the loads likely to be 
imposed. No certain strength can be prescribed as essential in 
every case. Interpretation and use of field test data should be 
limited to men of experience in that work. 

Methods of preparing and testing these specimens are described 
in the chapter on testing. Extreme care should be exercised to 
secure representative concrete and then to cure the specimens 
under conditions similar to those on the job. 

Testing of specimens of concrete in the field furnishes a valuable 
fund of information for the men on the job and enables them to do 
their work better. Oftentimes it is possible to develop a little 
competition between gangs that will improve the quality con- 
siderably. Use of a structure when it is ready may reduce 
construction costs and the only way to determine its readiness is 
to test the concrete. Tests may also prevent the rete. 
use, an item which is equally valuable. 
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Questions 


Outline the field control methods necessary in carrying on 
. Large highway program by a state highway department. 
. Smaller program by a county. 
. Large program by a large city. 
. Smaller program by a smaller city. 
. In building a large hotel or office building by private interests. 
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CHAPTER 10 
WORKABILITY AND WATERPROOFNESS 
W ORKABILITY 


Workability is that property of freshly mixed concrete which 
is measured in terms of ease of placing, handling, and finishing. 
The degree of workability necessary will depend upon the nature 
of the work being done. Concrete to be placed in narrow 
forms and around reinforcing steel requires one degree of work- 
ability, while on the other extreme concrete to be used in mas- 
sive sections with no steel need not be particularly workable. 
Each user of concrete must decide for himself what is necessary. 
The following discussion is intended to aid in arriving at the final 
answer. 

There are a number of factors affecting workability: 

1. Cement. 

2. Water. 

3. Aggregate: — 

a. Gradation. 
b. Shape. 
4. Mixing. 
5, Admixtures. 
It is at once apparent from the number of factors involved 
that it is not possible to derive any mathematical relationships 
between them and workability. The question of workability is 
tied in with that of strength and economy of the mixture. Not 
always is the most workable mix the strongest or most economical, 
and in many cases workability must come ahead of economy. 

The most workable concretes are secured when the maximum 
size of any of the dry materials is comparatively small in relation 
to the mass. Workability is improved by increasing the amounts 
of fine materials in the mixture, but no more fine materials should 
be used than are necessary to produce the desired workability. 

Effect of Cement.—Cement is an exceedingly fine material, 
about 85 per cent passing the 200-mesh sieve. Increasing the 
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fineness of grinding should improve to a limited extent the work- 
ability of the concrete. The cost of increased fineness is so great 
that it is not worth while as a medium for increasing the work- 
ability of concrete. Increased fineness improves the strength- 
producing quality and is worth while from that standpoint. 

Increasing the amount of cement used in the concrete will 
increase its workability. In addition to improving workability, 
strength, durability, and watertightness are improved. If these 
latter qualities are necessary in addition to that of workability, 
increasing the cement content of the concrete will accomplish 
these results. If workability is the only one desired, other 
methods may prove more economical. 

Effect of Water.—For a given mix and materials, the worka- 
bility may be varied within narrow limits by changing the amount 
_ of mixing water. Most specifications are still giving proportions 
of dry materials and permitting variations in the amount of 
mixing water to secure the desired workability. A certain 
amount of water is necessary in order to make the mixture dense 
and strong as well as placeable. There is a small range of 
amounts of mixing water which produce workable concretes. 
Beyond this range the concrete becomes unworkable as the 
amount of mixing water is increased. Some construction men 
think that the only way to secure workability is by adding 
mixing water, whereas beyond a certain point the addition of 
water makes unworkable concrete. There is a correct amount 
of water for each combination of materials and that amount is 
usually smaller than the average man on the job thinks. Often 
the use of less mixing water will make a more workable concrete. 

On many construction jobs the chuting method is employed 
to distribute the concrete and water is used as the principal 
lubricant to move the concrete in the chutes. This excess water 
then produces a concrete in the forms which is difficult to puddle 
and make into a uniform mass. The space occupied by the 
mixing water is not filled with cement paste or mortar and if 
next to the forms presents an unsightly appearance. In addition 
the strength of the concrete is seriously affected. A 1:2:4 
concrete, at 70°F., may have it sstrength varied 2,000 lb. per 
square inch by varying the amount of mixing water. Here is a _ 
case where much strength may be sacrificed in order to secure 
a degree of workability to aid in the movement of concrete. 
Much better results can be secured by limiting the amount of 
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mixing water and proportioning the other materials so that 
proper workability can be obtained. , 

Often it is necessary to haul mixed concrete in trucks distances 
up to about 5 miles. If the concrete is too wet there will be a 
segregation of the materials in the truck due to jolting, the 
coarse materials settling to the bottom and the water and fine 
materials rising to the surface. For concrete to be hauled any 
distance it is important that the correct amount of water be 
used to prevent segregation. The correct amount can best be 
determined by trial on the job. 

Effect of Aggregates.—Gradation and shape of the aggregate 
have a bearing on the problem of workability. Sometimes the 
gradation need be varied in order to counterbalance the effect 
of shape. More can be done with gradation and shape to 
improve workability than is gencrally realized. 

Gradation.—The gradation of an aggregate gives the propor- 
tions of the various sizes of particles. Aggregate is used with 
cement paste to cheapen its cost. The best gradation-from this 
standpoint is the one that extends the cement paste the most. 
This gradation, however, may not produce a concrete which can 
be handled and placed easily and cheaply. A balance must be 
struck between workability and amount of concrete produced. 

For the moment, consider the problem as one in which the 
volume of cement and water are kept constant, and the gradation 
of the aggregate varied to see what the effects upon workability 
and amount of concrete are. Instructions for the performance 
of such an experiment will be found in Test 37. The cemeat 
paste is mixed first and then aggregates of different gradations 
are added until the desired workability is secured. 

In the first case only sand is added. A workable mix is 
secured but not much concrete is produced. Suppose that in 
the next case only aggregate larger than 14 in. is used. The 
mix is so unworkable that it is out of the question for use in 
construction. Next let us try equal parts of sand and coarse 
aggregate. The concrete is workable and the quantity is much 
larger than in the first case. Observation indicates that the 
proportion of coarse aggregate may still be increased without 
sacrificing workability. In the fourth trial make the amount of 
coarse aggregate one and one-half times the amount of sand. 
Again the concrete is workable and the amount is greater than 
in the preceding case. It is observed, however, that the propor- 
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tion of coarse aggregate may not be increased much more without 
sacrificing some in workability. For the fifth trial use twice 
as much coarse as fine aggregate. The concrete will be workable 
for some purposes and the amount in most eases will be a little 
larger than before. If another trial is made with 3 times as 
much coarse as fine, it will be observed that the workability 
and amount of concrete are much reduced. It would appear 
then that the amount of coarse aggregate should be from one 
and one-half to two times the amount of fine eee ees Propor- 
tions as used today lie within that range. 

A similar problem may be tried in bg the maximum size of 
aggregate is varied from 14 to 214 in. The aggregate in each 
case should be graded between ih maximum and minimum 
sizes. As the maximum size is increased, the workability of the 
concrete will be decreased, while the amount produced will be 
increased. Somewhere between 14 and 214 in. will be found 
the maximum size which can be used for various kinds of work. 
For reinforced concrete the maximum size is often limited to 
34 or 1 in., while for pavements 2 or 21% in. is usually set as the 
limit. On some reinforced concrete work it would be possible 
to increase the maximum size of aggregate without making the 
concrete unworkable. 

In order to use drier consistencies and larger coarse aggregate 
in heavily reinforced members on the Wacker Drive improvement 
in Chicago, mortar mixes were placed first in the bottom of 
columns and walls. The same water-cement ratio was used as 
in the concrete and sand was added to the cement paste until 
the desired consistency was secured. This mixture was placed 
in the forms first in sufficient quantity for the entire wall or 
column. Concrete was then poured into the mortar and puddled 
so that the former settled to the bottom. As the concrete 
was added the mortar rose higher and higher and filled in around 
the steel and into the corners of the forms. In the beams and 
slabs, the mortar was placed first and to a depth which covered 
the reinforcing steel. Smooth surfaces were secured and the 
steel was thoroughly embedded in the concrete. 

Shape of Aggregate.—Practically all research work on concrete 
has been done with sand as the fine aggregate and pebbles as 
the coarse aggregate, so that much of our knowledge is based 
on rounded particles. Crushed stone is often used as the coarse 
aggregate and the question is often asked which is the better. 
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Each has certain characteristics which makes it desirable in 
certain cases. The rounded particles of the pebbles produce a 
more workable concrete than do the angular pieces of crushed 
stone, when the two materials have the same gradation. When 
crushed stone is used as a coarse aggregate the gradation of the 
aggregate may need to be changed in order to produce the same 
degree of workability. It will be necessary to increase the 
proportion of fine aggregate, and ordinarily the slight change in 
gradation may be made without any noticeable effect on the 
quantity of concrete produced. 

Effect of Mixing.—The purpose of mixing concrete is to 
secure a uniform distribution of the cement paste through the 
aggregate. For any given mixer the thoroughness is a function 
of the length of mixing time. Most specifications call for 1 
min. of mixing. Increased workability may be secured by 
increasing the time of mixing. When concrete is hauled from 
a central mixing plant, increasing the time of mix will produce 
a more workable concrete with less water. Decreasing the 
amount of mixing water cuts down on the amount of segregation 
due to hauling and increases the strength of the concrete. 

Effect of Admixtures.'—Certain admixtures are available for 
inclusion in concrete for the purpose of improving the work- 
ability. All these admixtures are extremely fine materials and 
without question do make the lean mixes more workable. The 
richer mixes contain more cement and hence cannot have their 
workability improved as much. If the admixtures are used in 
small quantities no decrease in strength is likely to result. 
The question uppermost in the minds of engineers and contractors 
is whether the use of admixtures is the cheapest way to secure 
the desired results. Emphasis has been placed on the value of 
increasing the coarseness of the aggregate, with the result that 
much in the way of workability has been sacrificed in order to 
increase the compressive strength a slight amount. The increase 
in coarseness of aggregate has in many cases been carried so 
far that unworkable mixes have resulted and now various 
remedies are being advocated to cure the evil. No satisfactory 
laboratory method has been devised for measuring workability, 
which makes it difficult to determine with any degree of exact- 
ness the workability of the various combinations of the different 
materials. Even if a satisfactory apparatus were available there 

1 See Chap. 5 for discussion of various admixtures. 
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would be some question as to the relation of laboratory results 
and field requirements. 

The admixtures most commonly used for improving workability 
are hydrated lime and diatomaceous silica. The former is used 
in amounts up to 5 lb. per bag of cement, and the latter usually 
at the rate of 2 to 3 lb. per bag. 

Contractors using admixtures report 
that they get, especially with the 
leaner mixes, more uniform concrete 
from batch to batch than when they 
do not use the admixtures. Because 
- of the extreme fineness of these mat- 
erials they reduce to a minimum the 
. effects of small variations in amounts 
. of mixing water on the consistency of 
the concrete. Moisture contents in 
aggregates vary from batch to batch 
and cannot be compensated by chang- 
ing the amount of water added. 

The use of an admixture requires 
additional attention at the mixer and 
is objectionable from that standpoint. 
Ordinarily, however, no additional 
help is necessary. Both admixtures 
are added dry as the other materials 
are being placed in the drum. 

Measurement of Workability—A 
number of investigators have been 
working to develop an apparatus to 
measure the workableness of concrete. <i 

; ; R Fig. 89.—A type of workability 
The type of apparatus which promises apparatus used at the United 
to give the best results is one which States Bureau of Standards, 
uses the penetration of a rod as the 
measure of the workability. In recent tests,' a rod was 
driven 11 in. into the concrete by a series of blows, as in 
the case of a pile driver. The amount of energy necessary was 
taken as the measure of the workability. 

The slump and flow tests are not suited for measuring work- 
ability. Their use is largely limited to the control of consistency 


1$mitH, Grorce A. and GEORGE CoNAHEY, “ Workability,” Proc. Am. 
Concrete Inst., 1928. 
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on construction work. Two concretes of the same slump may 
have much different workability values due to any one of the 
various items discussed above. 


W ATERPROOFNESS 


Waterproofness of concrete may be accomplished in any of 
the following ways: 

1. Special waterproof cements. 

2. Admixtures. 

3. Richer mixes and careful gradation of the aggregate. 

4. Small amounts of mixing water. 

5. Proper curing. 

6. Application of bituminous coatings to the surface. 
Waterproofing of concrete is desirable in order to increase the 
durability of the concrete or is necessary in order that it may 
be used to hold water. Concrete which absorbs water easily is 
likely to disintegrate due to the wetting and drying action, or 
to freezing and thawing while wet. Concrete is often used where 
it is necessary to hold the water either inside or outside the 
structure, in which case, flow of water through the concrete must 
be prevented. Various methods used will be discussed briefly 
in the following paragraphs. 

Waterproof Cements.—<As indicated in Chap. 3, there are 
available certain cements which have a waterproofing material 
added to the clinker as it is being ground. Waterproof cements 
are used in the same manner as the standard brands. Care 
should be exercised, however, in selection of materials, mixing, 
placing, and curing. Waterproof cement alone will not make 
waterproof concrete. 

Admixtures.'—There are a number of patented admixtures on 
the market which are claimed to increase the watertightness of 
the concrete in which they are used. Hydrated lime is also used 
for this purpose. Normally, 3 to 5 lb. per bag of cement are 
used for waterproofing purposes. 

Richer Mixes and Careful Gradation of the Aggregate.—Pas- 
sage of water through or into concrete is normally through the 
cement paste and not through the aggregate. A 1:2:4 mix, 
which is rated as 2,000 lb. concrete at 28 days, is almost univer- 
sally used for reinforced concrete, and as prepared on many jobs 
is not watertight. Improving the quality of the cement paste 

1See Chap. 5, for discussion of admixtures. 
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* and increasing its thoroughness of distribution through and 
bonding to the aggregate will increase the imperviousness of the 
concrete. By carefully grading the aggregate and then mixing it 
thoroughly with a cement paste of good quality a watertight 
concrete may be made. 

Smaller Amounts of Mixing Water.—The quality of the 
cement paste mentioned above may be increased for water- 
proofing purposes by using a minimum amount of mixing water. 
Small amounts of mixing water produce concretes which do not 
segregate in handling and which may be easily compacted into a 
solid dense mass. The excess water forms voids in the cement 
paste which permit the flow of water through the paste. By 
using a stiff consistency and thus eliminating excess mixing water, 
more waterproof concrete can be secured. 

Proper Curing.—Proper curing aids materially in the develop- 
ing of a watertight concrete. If the concrete is permitted to dry 
out soon after pouring, the cement paste does not become so 
dense as when it is kept wet. The denser the cement paste, 
the greater will be the resistance to the flow of water through the 
concrete. 

Application of Bituminous Coatings.—Concrete may be water- 
proofed also by the application of bituminous coatings to the 
surface which is wet first. A light water-gas tar may be used 
which penetrates somewhat into the concrete or heavier tars or 
asphalts may be applied which form an impervious layer over the 
surface. 


Questions 


1. What is meant by workability? How is it measured? 
2. Name and discuss various items affecting workability. 
3. How may waterproofness of concrete be secured? 


CHAPTER 11 
HIGH EARLY STRENGTH CONCRETE 


The adoption of the standard specifications for portland 
cement by the American Society for Testing Materials, in 1904, 
permitted the manufacturers to give their attention to the 
development of quantity production, which they have done 
remarkably well as is evidenced by the figures in Table 2. 
Quality has gradually increased, as is indicated by the increasing 
of the minimum requirements in 1916 and 1926. During the 
World War, concretes of high early strengths were used and 
since then there has been an insistent demand on the part of the 
engineers and construction men for higher quality cement or for 
a method of making concrete of required strengths at ages earlier 
than 28 days. 

Because nearly all of our strength data are based on 28-day 
tests, the tendency has been not to use the concrete for that 
length of time. The World War taught people to do things in a 
hurry, with the result that the public is demanding use of the 
concrete structures in a shorter length of time. The possibility 
of securing strengths in from 5 to 10 days or less, sufficient 
to permit full use of the concrete, has appealed to the American 
public. Frequently the earning power of a building during the 
time saved far exceeds the cost of the extra efforts made to secure 
the necessary concrete strengths. The problem of obtaining a 
certain strength at given age is largely a matter of materials, 
proportions, and curing. 

High-early-strength concrete is a term not easy to define. 
The commonly accepted meaning is a concrete which has greater 
strength at ages under 7 days than has ordinary concrete at 
the same ages. Most reinforced concrete design is based 
on an ultimate strength in the concrete of 2,000 lb. per square 
inch. A 1:2:4 concrete which has generally been rated as giving 
this strength in 28 days, would have a strength of approximately 
1,000 Ib. per square inch at 7 days. Concrete of this quality is 


accepted by many as the standard by which to judge all others. 
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Relationship between 7- and 28-day Strengths for Stand- 
ard Portland Cement Concrete—The relationship between 7- 
and 28-day strengths of concrete or mortar using standard brands 
of portland cement is expressed by the formula 

Ses = S; + 30V/S:, 
in which S.3 = strength at 28 days and S; = strength at 7 days. 
This formula was developed by W. A. Slater and is often known 
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Fic. 90.—Slater curve showing relationship between 7- and 28-day strengths 
of portland cement concrete. Curve is based on tests made using standard brands 
of portland cement and moist curing at 70°F. 


as the Slater formula. It might be used as the basis for deter- 
mining whether a cement was of the high early strength type or 
not, since normally the high-early-strength cement concretes do 
not continue to gain rapidly after 7-days. Standard brands of 
portland cement function according to the curve regardless of 
cement content. 

Factors Affecting the Rate of Gaining Strength.—Concrete 
gains strength with age. The rate, however, is a function of 
a number of items: 

1. Richness of mix (or value of water-cement ratio). 

2. Characteristics of the cement. 

3, Curing conditions: 
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a. Moisture. 

b. Temperature. 
Because all of the items bear on the strength at any age, it is 
necessary when studying the effect of any one, to keep the others 
constant. In the following discussions, it is assumed that the 
items other than the one under discussion are kept constant. 

Richness of Mix.—With the same consistency of the con- 

crete, the richer mixes develop greater strengths at all ages. 
With the richer mixes the ratios of water to cement are lower 
for the same consistency of concrete. A 1:2:3 mix will have a 
-greater strength than a 1:2:4, which in turn will have a greater 
strength than a 1:3:5. In Table 12 are given the results of 
a series of tests made by the author to show the effect of rich- 
ness of mix on the rates at which the concrete would gain strength. 


TABLE 12.—CoMPARISON OF THE RATES OF GAINING STRENGTH OF CONCRETE 
Mapg with VARIOUS WATER-CEMENT RATIOS 


Values in pounds per square inch 


Water-cement ratios 
Age, 
days 0.6 0.8 1.0 1.2 
1 355 460 265 95 
&3 2,600 1,910 1,120 710 
5 sa eAO) 2,950 LAZO 1,390 
7 3,940 3,580 1,910 1,540 
14 5,200 4,280 2,790 2,190 
28 6,100 5,000 3,345 2,780 


Each value is the average of the results of three 6- X 12-in. cylinders. Concrete for 
approximately 6 cylinders was mixed in a tilting drum mixer for 2 min. Cylinders were 
molded in the standard manner. Cylinders remained in the molds for 24 hours, at the end 
of which time they were placed in the moist room until tested. Cylinders were tested in a 
200,000-lb. hydraulic machine. Temperature of moist room was 70°F. 


The cylinders with the 1:2:3 mix and the 0.8 water-cement ratio 
were made first. The same ratio of fine to coarse aggregate 
was used in the other mixes. The amount of aggregate to use 
was determined by mixing first a cement paste of the proper 
proportions and then adding the aggregate until the desired 
consistency was secured. The 0.6 water-cement ratio required 
cement at the rate of about 819 bags to 1 cu. yd. of concrete, 
0.8 water-cement ratio at the rate of 7 bags, the 1.0 ratio at 
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the rate of 51¢ bags, and the 1.2 ratio at the rate of 4 bags. 
According to the data 2,000-lb. concrete can be obtained at 
ages varying from 214 to 12 days, depending upon the mix 
(or water-cement ratio). 

In making use of these data it should be borne in mind that 
the curing temperature was 70°F. and that the cement gave 
somewhat higher strengths than does the average portland 
cement. Other temperatures might give different results. The 
only safe way to determine strengths on a job is to make tests 
on the concrete as it is being used. 

Effect of Characteristics of Cement.—The characteristics 
of cement will play an important role in the rate of gaining 
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Fig. 91.—Graphical presentation of data given in Table 12 (see table for descrip- 
tion of tests). 


strength. Cements have been made to meet the minimum 
requirements of the A.S.T.M., but no manufacturer formerly 
made any point of it in his advertising if his cement should be 
of a higher quality than the minimum required. Certain develop- 
ments in the methods of manufacture have improved the strength- 
gaining property. Longer kilns have made it possible to use a 
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wet mixture of raw materials, with the result that more uniform- 
ity can be maintained in the finished product. Special blending 
bins are accomplishing the same result for the dry process of 
manufacture. Better grinding machinery is being developed 
which permits finer pulverizing of the clinker. Increasing the 
percentage of cement passing a 200-mesh sieve increases 
the amount of strength-gaining materials. Manufacturers are 
also paying more attention to the selection of the raw materials. 

All these improvements in manufacturing methods have 
increased the quality of portland cement. The quality of 
cements in 1928 is better than it was in 1918 or 1919. Manu- 
facturers who spend money to improve the quality of their 
products are inclined now to make use of this fact in their adver- 
tising. Since the public is interested in using concrete as soon 
as possible, the manufacturers are featuring the possibilities 
of their cements at ages of from 3 to 10 days. 

Special Portland Cements.—In addition to improving the 
quality of the standard brands, several manufacturers have 
brought out special cements which develop greater strengths, 
especially at the earlier ages. Without doubt there will be 
considerable progress made within the next few years in the 
developments of portland cements. For a discussion of these 
materials see Chap. 3 on special cements. 

Until more is known of what these cements will do, it is well 
to go slow with their use. Admixtures should not be used with- 
out first determining the effect. Careful conservative use of 
the special cements will help materially in their development, 
while a few failures may completely eliminate them from the 
construction field. 

Compression tests on aluminate cement concrete show that it 
has greater strength at the end of 24 hours than has similar port- 
land cement concrete at the end of 28 days. A high point in the 
strength curve seems to be reached at 3 or 5 days; 28-day 
strengths are frequently lower than the 3- or 5-day strengths. 
Much heat is produced as the cement is setting and unless kept 
wet the concrete is likely to be permanently injured due to 
the heat developed. Not all long time strength tests have been 
satisfactory. Before using this cement it is well to be familiar 
with its characteristics and know how to handle it. Strength 
results for a 1:2:3 mix by volume and an 0.8 water-cement ratio 
are given in Table 13. 
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TaBLE 13.—CoMPaARISON OF THE Ratus or GAINING STRENGTH Or CONCRETE 
Mabe with Various Types or CrMEnts 


Values in pounds per square inch 


Standard portland cements Epecial portland "| icayinate 
Age, cements cement 
days 
1 2 3 + 5 6 
1 460 755 775 1,010 1,000 4,310 
3 1,910 | 2,415 1,830 3,620 3,400 6,310 
5 2,950 2,870 PA ATEAY) 4,475 4,140 5,955 
7 3,580 3,375 3,110 4,870 4,520 6,010 
14 4,280 4,370 3,780 5,220 5, 230 6,130 
28 5,000 4,610 4,850 5,360 5,510 5,270 


Each value is the average of the results of three 6- X 12-in. cylinders. Concrete for 
approximately 6 cylinders was mixed in a tilting drum mixer for 2 min. Cylinders were 
molded and capped in the standard manner. Cylinders remained in the molds for 24 hours, 
at the end of which time they were placed in the moist room until tested. Cylinders were 
tested in 200,000-lb, hydraulic machine. 

Mix in each case was a 1:2:3 by volume with an 0.8 water-cement ratio. 


7000 


3000 


Compressive Strength, Ib. per sq.in. 


Curves 1,2,3 Standard Portland Cements 
Corves4,5 Special Portland Cements 
Curve 6 Aluminate Cement 


14 28 


Fig. 92.—Graphical presentation of data given in Table 13 (see table for descrip- 


tion of tests). 
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Results of a series of tests, by the author in 1927 and 1928, 
to compare the rates of gaining strength of concrete made with 
various cements are given in Table 13. The mix used was a 
1:2:3 by volume with an 0.8 water-cement ratio. Richer 
mixes with smaller water-cement ratios will produce greater 
strengths as indicated previously and as shown in Fig. 91. 

Effect of Curing Temperature.—The average person appre- 
ciates fairly well that increasing the richness of mix increases the 


Compressive Strength, Ib. per sq. in. 


Wap i BOY 14 28 


Fig. 93.—Graphical presentation of data given in Table 14 (see table for descrip- 
tion of tests). 


strength of the concrete, and that different results can be secured 
with different cements, but has little conception of the effect of 
curing temperatures. Standard laboratory tests are made at a 
temperature of 70°F. Increasing the temperature increases the 
strength and decreasing the temperature decreases the strength. 
Concrete which is frozen before it sets is generally considered 
not to be able to develop any strength later on. 

The results of a series of tests to determine the effect of curing 
temperatures on the strength of concrete of the quality ordinarily 
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used in pavements are given in Table 14. The concrete was made 
at an air temperature of 70°F. and remained in the molds 24 
hours. The cylinders then remained in the curing temperature 
until just before testing with the exception of the cylinders which 
were frozen. They were thawed out in a water bath. From 
Fig. 93 it is seen that temperature does make considerable 
difference in the amount of strength at the various ages. For the 
28-day strengths each degree change in temperature affected the 
strength about 35 lb. per square inch. 

A. R. Lord reported! that in connection with the Wacker 
Drive improvement they observed that for each degree change in 
temperature the strength of the concrete was affected 50 Ib. per 
Square inch. The mixes on Wacker Drive were leaner than in 
the series reported in Table 14. It is to be expected that greater 
effects per degree change in temperature will be observed for the 
weaker concrete than for the stronger. 


TABLE 14.—CoMPARISON OF THE RATES OF GAINING STRENGTH OF Con- 
CRETE CURED AT VARIOUS TEMPERATURES 


Values in pounds per square inch 


Age, 65°F, 40°F. 70°F. 100°F. 200°F. 
days <M 
1 1,005 
3 1,555 1,740 2,530 3,280 3,730 
5 1,545 2,335 3,410 4,260 4,470 
7 1,395 2,730 3,940 4,650 4,670 
14 1,415 3,600 4,520 5,440 3, 650 
28 1,460 4,140 5, 440 6, 200 3,370 
49 3,430 


we Ee EEE Ee eee 

Each value is the average of the results of three 6- X 12-in. cylinders. Concrete for 
approximately 6 cylinders was mixed in a tilting drum mixer for 2 min. Cylinders molded 
and capped in the standard manner. Cylinders remained in the molds for 24 hours, at the 
end of which time they were placed in the curing container. Curing temperatures were 
secured as follows: 5°F. in an electric refrigerator; 40°F. in an ice chest; 70°F. in the regular 
moist room; 100°F. in a water bath; and 200°F.insteam. Frozen cylinders were thawed out 
before testing. Cylinders were tested in a 200,000-lb. hydraulic machine. 

Mix in each case was a 1:2:3 by volume with an 0.8 water-cement ratio. A standard 
portland cement was used. 


Effects of Moisture during Curing.— Keeping the concrete wet 
during the first week will greatly increase its strength. Concrete 


1Lorp, A. R., “Notes on Wacker Drive,” Proc. Am. Concrete Inst., p. 
59 (1927). 
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which has had no moisture during curing will be from one-fourth 
to one-third weaker than concrete which has been kept wet. 

Effect of Calcium Chloride——Calcium chloride or calcium 
oxychloride is sometimes used in the mixing water to aid in the 
development of early strengths and to hasten the setting. The 
chloride should always be dissolved in the mixing water and never 
be put in the mixer in its solid form. The amount of additional 
strength developed is more or less uncertain because of the fact 
that different cements react differently with the same amount of 
calcium chloride. It is well to check first with tests the results 
that can be secured. ‘Two per cent of the weight of the cement is 
usually dissolved in the mixing water. 

Conclusions on Early Strength.—Almost any reasonable 
strength can be secured at any time with standard or special 
portland cements. Usable 1-day strengths are rather expensive 
and usually not counted upon. By observing the best practices 
as given in the chapters on mixing, placing, and curing, certain 
small increments of strength may be added to those secured 
through the use of increased cement contents or special cements. 
At the present stage of development it is not wise to count too 
heavily upon early strengths unless test specimens are made to 
check the actual strengths against those estimated. More data 
should be available on the effect of temperatures above 100°F. 
before attempts are made to heat the aggregates or concrete 
above that point. 


Questions 


1. The 7-day strength of concrete using a standard portland cement is 
1,600 pounds per square inch. What will be the probable 28-day strength 
based on the Slater formula and 70°F. curing? 

2. It is desired to have 3,000-lb. concrete for a pavement at the end of 4 
days. The concrete is being laid in the hot part of the summer. What 
water-cement ratio is likely to produce this strength? Base answer on 
figures in this chapter. What water-cement ratio should be used for early 
spring or late fall construction for the same strength and age? 

3. What is the effect in pounds per square inch per degree of tempera- 
ture for the standard portland cement concrete values given in Table 14 
and Fig. 93? If the materials had been other than 70° F. at the beginning 
of the tests, what would be the effect on the resulting strengths? 

4, What is high early strength concrete? 

5. What are the factors affecting the rate of hardening of concrete? 


CHAPTER 12 


ESTIMATING QUANTITIES OF MATERIALS FOR 
CONCRETE 


If the volumes of the particles of cement and the aggregates 
and the volume of mixing water used are known, the amount of 
concrete produced from these quantities of materials may be 
estimated, since concrete is a mixture of cement, water, and 
aggregate... In the mixtures in which the slump is between 14 
and 2 in., there may be a small percentage of air voids. These 
should not exceed more than about 3 per cent of the volume of 


Fria. 94.—Concrete is often used to build pavement bases for other types of 
wearing surfaces. Note that the concrete is being cured (with calcium chloride) 
the same as when the concrete is used as the wearing surface. 


the concrete. All the voids are usually filled with water. If the 
air voids are neglected, the error will be on the safe side because 
the quantities of materials per cubic yard of concrete will be 
slightly greater than if a small allowance is made for the air voids. 

In order to estimate the quantity of concrete produced from 
given amounts of materials it is necessary to know the proportion 
of the bulk volume of a material which is solid. The solid 
volume is equal to the bulk volume minus the volume of voids. 
The percentage of voids may be measured directly or com- 
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puted when the weight per cubic foot and specific gravity are 

known. The formula for percentage of voids is 

Sp. gr. X 62.355 — wt. per cubic foot 
Sp. gr. X 62.355 

Table 16 and Fig. 97 give values for percentages of voids for 

various values of specific gravity and weights per cubic foot. 


x 100 


Percentage of voids = 


Taste 15.—Specrric GRAVITIES OF VARIOUS AGGREGATES 


eS 


Specifie gravity 
Material 
Minimum Maximum Average 
Sandstone 2.40 2.50 2.45 
Sand 2.60 2.70 2.67 
Limestone 2.60 2.70 2.65 
Granite 2.05 Zsho 210 
Marble 2.50 2.90 2.70 
Trap 2.80 3.00 2.90 
Cinders 1.50 


Cement.—The proportion of solids per sack of cement is 
fairly constant, since the amount of cement in each sack is 
weighed and the specific gravity of cement does not vary to any 
extent. A sack of cement weighing 94 lb. net is generally 
considered to be 1 cu. ft. Some engineers, however, consider 
94 lb. as only 0.95 cu. ft. Proportions based on the latter assump- 
tion will require more cement per cubic yard than will the 
same proportions based on the former. Specific gravity varies 
from about 3.10 to 3.15. The value 3.12 is frequently taken 
and will be used in these computations. Substituting 94 lb. 
and 3.12 in the formula in the preceding paragraph, the percent- 
age of voids is found to be 52. The percentage of solids then is 
48. A cubic foot of cement, measured by bulk volume, has only 
0.48 cu. ft. of solids init. This value may be used for any cement. 

Agegregates.—Aggregates vary more than do the cements so 
that it is not possible to use average values so freely. Most 
sands have specific gravities between 2.60 and 2.70, and weights 
per cubic foot between 100 and 120. A well-graded coarse sand 
will weigh about 115 lb. per cubic foot and will contain about 30 
to 31 per cent voids. 

Coarse aggregates vary more than the sands. The range 
of specific gravities is from 2.50 to 2.90 and the weights per cubic 
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Fia. 95.—Traveling forms can be used to advantage where the cross-section 
remains the same for some distance. 


Fig. 96.—Forms for lock at Lockport, Il. 


178 PLAIN CONCRETE 


foot from 90 to 1201b. Combinations of fine and coarse aggregates 
will weigh more than either individually and will ordinarily have 
less voids. 

Values of specific gravity for various materials are given in 
Table 15. 


TaBLE 16.—PERcENTAGES OF VoIDS FOR DIFFERENT WEIGHTS OF AGGRE- 
GATE PER Cusic Foot AND SpEcIFIC GRAVITIES 


i 62.355 X Weights per cubic foot 
Specific 5 
at specific 
gravities ; 
gravity 90 | 95 | 100 | 105 110} 115 120 125 130 135 140 | 145 
2.50 155.89 42.3/39.1/35.9/32.6/29.4/26.2)/23.0)19.8/16.6/13.4/10.2] 7 0 
2.55 159.00 43.4/40.3/37.1/34.0/30.8/27.7/24.5,21.4/18.2/15-1]11.9] 8.8 
2.60 162212 44,5/41.4/38.3/35.2/32.1/29.1/26.0/22.9/19.8/16.7|13.6/10.6 
2.65 165.24 45.5/42.5|39.5/36.5/33.4/30.4/27.4/24.5)21.3/18.3)15.3)12.2 
2.70 168.36 46.5/43.6/40.6/37.6/34.6/31.7|28.7)/25.8)22.8/19.8)16.8)13.9 
2.75 171.48 47 .5/44.6/41.7/38.8/35.9/32.9/30.0 27.1)24.2/21.3)18.4/15.4 
2.80 174.59 48 .5/45.6/42.7/39.8/37.0/34.1/31.3 28.4/25.5/22.7/19.8|16.9. 
2.85 Wve 49 .4/46.5/43.7/40.9/38.1/35.3/32.5)29.7/26.8 24.0/21.2)18.4 
2.90 180.83 50.2,47.5)44.7/41.9/39.2)36.4/33.6,30.9 28.1)/25.3 22.6/19.8 


The percentage of solids is equal to 100 minus the percentages of voids. 


Percentage of Voids 


100 M0. 120 130 140 150 
Weight per Cubic Foot, Ib, 


Fie. 97.—Relationship between percentage of voids and weight per cubic foot 
for specific gravities from 2.50 to 2.90. 
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Example.—How much concrete will a one-bag batch of 1:2:3 mix concrete 
produce with a water-cement ratio of 0.82 What are the quantities of 
materials per cubic yard of concrete? The materials are to be measured 
by volume and are found to have the following percentages of voids: 


(GRAIN... Sus wee eB ow cep Ries Race ey OY 52 
BSEUTG  o sce se Athait Gad © icles amt Ion ea ae ae ae a aR 33 
DER OV OHS 5 6 3 Seasiedes pow) OD oi SiC SRE ee 40 


In a one-bag batch there will be 1 cu. ft. of cement, 2 cu. ft. of sand, 3 
cu. ft. of pebbles and 0.8 cu. ft. of water. The volumes of solids and the 
volume of water are as follows: : 


Ceme\ntinn tener ua kien ore oe 1 xX 0.48 0.48 cu. ft. 
ASVEHLEUG Lo ee: est cles step AUPees oer nO oe 2 X 0.67 1.34 cu. ft. 
Reb blesherta epee nh te wsuncc neers 
VV CCT eeei eee tte Be oS te ets fects mas UR cn enc enerene 

Ota ere U a ene ficare Mean et, SRN ee Ri ne a § 


Cement, bbl. per cubic yard of concrete 


3 4 5 6 ais 
Solid Volume of Aggregates, cubic feet per sack of cement 


Fic. 98.—Relationship between cement content of concrete and solid volumes 
of aggregates per sack of cement for various water-cement ratios. 


The 6.8 cu. ft. of unmixed materials produce only 4.42 cu. ft. when mixed 
together. This information is of value in determining the number of batches 
to mix for a given amount of concrete. 
The number of bags (cubic feet) of cement per cubic yard of concrete may 
be found from the proportion 
lbag cement _ — x bags cement 
4.42 cu.ft. concrete 27 cu. ft. concrete 
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and is in this case 6.12. The volume of sand is twice that of the cement, 
or 12.24 cu. ft. The volume of pebbles is three times the volume of cement 
or 18.36 cu. ft. 

The above computations are tabulated in the following table: 
Rl ee eee 


eeu one Ne: Materials per cubic yard of 
age of in one-bag iandene 
voids batch 
Water 0 0.80 4.90 cu. ft. |386.75 gal. 
Cement 52 0.48 6.12 cu. ft. Tada ibple 
Sand 33 1.34 12.24 cu. ft. | 0.45 cu. yd. 
Pebbles 40 1.80 18.36 cu. ft. | 0.68 cu. yd. 


Formula. A formula for these computations would be 


: 6.75 
Barrels of cement per cubic yard of concrete = fa 4 Ee oe 


in which 

6.75 = number of barrels per cubic yard of cement. 

solid volume of cement in a one-bag batch. 

solid volume of fine aggregate in a one-bag batch. 

solid volume of coarse aggregate in a one-bag batch. 

= volume of water in a one-bag batch (does not include the water 
absorbed by the aggregates). 


Samba 
io 


FULLER’S FORMULA 


William B. Fuller developed a formula which is not so accurate 
as the method described above, but which is easier of application. 
In Fuller’s method no consideration is given to the voids in the 
materials nor to the amount of water used, items which affect 
the amount of concrete produced. Because of the ease of 
application, it has found quite general use in spite of its inaccu- 
racy. The formulas are 
constant (usually taken as 11) 


C= 

c+s-+9 

3.8 
S=CxXsx Fy 

3.8 
G=CX 9X o 


in which 
C = number of barrels of cement per cubie yard of concrete. 


S = number of cubic yards of fine aggregate per cubic yard 
of concrete. 
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G = number of cubic yards of coarse aggregate per cubic 

yard of concrete. 

c = proportion of cement. 

Ss = proportion of fine aggregate. 

g = proportion of coarse aggregate. 

For well-graded aggregates deduct 5 per cent from the values 
obtained. 

The number of cubic feet of cement in a barrel is taken above 
as 3.8. At the present time a sack of cement is generally con- 
sidered to be 1 cu. ft. so that the figure should be 4.0. At 
the time Fuller prepared the formula the richer mixes were 
unknown and aggregates were not nearly so well graded. The 
values for the richer mixes are a little too high. 


TaBLE 17.—QUANTITIES OF MATERIALS PER CuBIC YARD OF CONCRETE. 
ComputTaTIons BasEep ON FULLER’S FoRMULA 


Mix Cement, Fine aggregate, Coarse aggregate, 
barrels cubic yards cubie yards 
1:144:3 2.00 0.42 0.84 
IN74883 1.83 0.51 0.77 
1:22:34 1.69 0.47 0.83 
15234 1.57 0.44 0.88 
1:214:4 1.47 0.51 0.82 
1:3:5 1.22 0.51 0.85 
1326 1.10 0.46 0.92 
1:4:8 0.85 0.48 0.95 


For well-graded materials deduct 5 per cent from the above quantities. All materials are 
to be measured loose. 


Example.— What are the quantities of materials per cubic yard of con- 
crete for a 1:2:4 mix? 


11 
@= peesq = 187 bbl. 
3.8 
Sa = Ou c 7 = 0.44 cu. yd. 


8 
G=1.57 x 4 X ‘s = 0.88 cu. yd. 


For well-graded aggregates we would deduct 5 per cent from the values 
obtained above which would make the cement 1.49, the sand 0.42 cu. yd., 
and the coarse aggregate 0.84 cu. yd. A 1:2:4 concrete is generally con- 
sidered to require 6 bags of cement per cubic yard of concrete. 
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PROPORTIONS BY WEIGHT 


Proportions are normally given by bulk volume of the various 
materials. In the past few years there has been a slight tendency 
to weigh the materials rather than to measure by bulk volume. 
The proportion by volume may be easily changed to one by 
weight. 

Determine the weights per cubic foot for each material, in 
the condition in which they are to be measured according to 
the specifications. Cement is generally specified to weigh 94 
Ib. per cubic foot. Aggregates are usually specified to be meas- 
ured on a loose and dry basis even though they are never dry 
as they are used on the job. In addition to the above deter- 
mination, secure also the percentage of moisture in the aggregates 
based on the weight of a cubic foot of the loose dry material. 

For purposes of illustration, assume that the sand weighs 
110 Ib. per cubie foot, loose and dry, that it contains 10 lbs. 
of moisture for each 110 lb. of dry material, that the coarse 
ageregate weighs 100 Ib. per cu. ft., loose and dry, and contains 
3 Ib. of moisture for each 100 lb. of dry material. Assume 
also a 1:2:4 concrete by volume. The weights of materials 
for a one-bag batch using dry materials would be: 


Genaembitsn sees, Secas ety hoy eaten Rea 1X 94= 94\Ib. 
por W ie Aeeers aM se einen rime eect. Wey Mish, coe 2 X 110 = 220 lb. 
Coarse aggregates: mensch ee 4 < 100 = 400 lb. 


The proportion by weight is secured by dividing each of the 
above values by 94 lb. and for the above case is 1:2.34:4.26. 
If the moisture is added on to the weights for the dry materials 
the proportion becomes 1:2.55:4.38 

If the specifications provide for loose dry volumes as the 
basis for measurement, it would not be correct to determine 
the weight per cubic foot of the moist sand and the moisture 
content and then take the difference as the weight per cubic 
foot of dry sand. The small amount of moisture present in 
the fine aggregate will give a bulking action which may increase 
the bulk volume of the aggregate as much as 30 per cent. The 
question frequently arises whether moist sand will weigh more 
per cubic foot than dry sand. The best way to convince oneself 
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is to fill a small container with both moist and dry sands and 
to weigh each. 


CORRECTING FOR BULKED SAND 


While it has been known for many years that small amounts 
of moisture in sand increases the bulk volume, no practical 
application was made of this information in the measurement 
of materials for concrete until a few years ago. Even today 
some engineers specify that the materials shall be measured 
on a dry basis, but require the contractor to measure out the 
same number of cubic feet of bulked as is specified for dry sand. 
Many sands used extensively in concrete work bulk as much as 
30 per cent, and occasionally a fine sand is found which will 
bulk as much as 50 per cent. Unless a correction is made for 
this bulking the contractor will suffer financially, and harsh 
mixtures will often result due to undersanding. 

What is the resulting effect if no correction is made for bulking 
on the 1:2:3 mix used in the illustration earlier in this chapter 
(page 179), and assuming that the percentage of moisture is 
such as to cause a 20 per cent bulking of the sand? For each 
sack of cement, 2 cu. ft. of bulked sand is measured out, which 
is 120 per cent of the dry volume of the sand. The dry volume 
of the sand is 1.66 cu. ft. and the proportions based on dry 
materials are 1:1.66:4. 

The reduction in quantity of concrete per batch may be 
roughly estimated from the following: A one-bag batch as 
previously estimated produces 4.42 cu. ft. of concrete. The 
only item on which we can estimate the exact change is the sand, 
which becomes 

1.66 < 0.67 = 1.12 cu. ft. 


The water requirements will probably be a little less because 
of the decrease in aggregate used. Assuming, however, that 
the water requirements are the same, the amount of concrete 
produced is estimated to be 4.20 cu. ft., or a reduction of 0.22 
cu. ft. below the correct amount. This is approximately 5 
per cent. Reduced to money this amounts to approximately 
4 to 6 cts. per square yard for 7-in. pavement slab. 

Making Correction in the Field.—The following example 
is given as a method of making the correction for bulking in 
the field. Quantities may be varied to fit conditions. 
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A contractor is mixing a five-bag batch of 1:2:3 concrete. 
The specifications provide that the aggregates shall be measured 
by volume on a loose dry basis. The sand as used is moist. 
What is the volume of moist sand which should be measured 
per batch to give the amount intended in the specifications? 

Weigh out 125 lb. of the moist sand as it is being used on the 
work. Surface dry in the sun or on a stove. Weigh the dry 
material. Assume this weight to be 120 Ib. The percentage 
of moisture is 41¢ per cent based on the dry weight or 4 per 
cent based on the moist weight. 

Using the material which has just been dried determine the 
weight per cubic foot in a loose condition. This may be done 
by weighing in the cubic foot box. Assume this weight to be 
104 lb. per cubic foot. 

Measure out in the regular measuring device a batch of 
the moist sand. In this case it would be 10 cu. ft. Run the 
sand into a truck and determine its weight. Assume this 
to be 900 Ib. 

Compute the weight of dry sand. It was found above that 
the percentage of moisture based on the moist sand was 4 per 
cent. 4 per cent of 900 lb. is 36 lb. The weight of dry sand 
is 864 lb. The volume of dry sand is 864 + 104 = 8.30 cu. ft. 
The required volume of moist sand then may be found from 
the proportion 


Volume of moist sand to be used _ 10 cu. ft. 
10 cu. ft. ~ 8.30 cu. ft. 


and the volume is 12.05 cu. ft. The measuring hopper should 
be set for 12.05 cu. ft. in order to get 10 cu. ft. of sand as intended 
by the specifications. 

Percentages of moisture and weights of batches of sand may 
be determined from time to time. After the first determination 
it is not necessary to surface dry 125 lb. of sand. The size of 
the sample should be at least one hundred times the smallest 
division on the balance used in the weighings. The variation 
in moisture from day to day will be small and hence the varia- 
tions in amounts of sand will also be small. 
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Problems 


General data for following problems: 


Weight per cubic foot dry 
Percentage of moisture by weight 
Percentage bulking 


Proportions 1:214:4 by loose dry volumes water-cement ratio 


Crushed 
Sand, | ,. 
eee limestone, 
P pounds 
105 90 
6 1 
20 0 
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= 1.0. 


1. Estimate amount of concrete produced by a one-bag batch of concrete. 


Figure quantities of materials per cubic yard of concrete. 


barrels or bags, aggregates in cubic yards and water in gallons.) 


2. Estimate quantities of materials using Fuller’s formula. 


values from table.) 


3. Figure proportions by weight of dry materials. 
4, Figure weights of materials for a six-bag batch as they would be used 


on the job. 


(Give cement in 


(Do not take 


5. Compute the volume of bulked moist sand necessary to measure out 
for a six-bag batch in order to secure proper amount based on dry volumes. 


CHAPTER 13 
SPECIFICATIONS 


Specifications are prepared to describe materials to be furnished 
or methods to be followed in making or building something. 
For construction work both the materials to be used and the 
-methods to be followed in putting together the materials are 
described. Drawings are also made to accompany the specifica- 
tions showing the dimensions, sizes and locations of various 
items. The drawings and the specifications should be well coord- 
inated so as to facilitate their use. 

American Society for Testing Materials Specifications.— 
The American Society for Testing Materials has prepared a 
large number of specifications for various materials used in 
engineering work and for methods of testing these materials. 
Those which are labeled standard have been through the full 
process of preparation and have been adopted as standard 
by the society. Others which are labeled tentative are being 
developed and have not reached the point where they are ready 
to be adopted as standard. Both the standards and the ten- 
tative standards are subject to revision at any time. 

Under the heading for each is a serial designation, consisting 
of a letter and a number, and is followed by another number 
indicating the year of its adoption in that form. The letter T 
is placed after the year in the case of all tentative standards. 
The serial designation for the standard for portland cement is 
C9. The last change was made in 1926. The complete desig- 
nation is written C9-26. 

The A. 8S. T. M. specifications are used either by reference or 
by quoting in part or in full. It is quite common, for instance, 
to say that the portland cement shall meet the requirements of 
the American Society for Testing Materials as given in their 
Standard Specifications and Tests for Portland Cement, serial 
designation: C9-26. Some engineers, on the other hand, prefer 
to include the whole specification verbatim. Frequently only 
a part of a specification is desired, in which case that portion 
must be copied. 
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The A. 8. T. M. specifications are part of the copyrighted 
proceedings of that organization but no effort is made to restrict 
their use by engineers in preparing specifications. 

Some specification writers, in order to be sure that they are 
using the latest revision of the A. 8S. T. M. specification, add a 
clause after the serial designation such as: “or subsequent 
revisions thereof.” 

Preparation of Specifications——Each engineer has his own 
way of preparing specifications so that comments here can only 
be of a general nature. General provisions of the contract and 
definitions should probably come first, to be followed by the 
requirements for the various materials. Description of the 
methods of construction should come last and should be arranged 
in a logical order. The basis of payment for each item should 
be clearly defined. 

It should be kept in mind that the specifications become 
part of the contract which is later signed by the persons having 
the work done and by those who are to do it. The contractor 
in signing the contract agrees to do the work according to the 
specifications and drawings. In certain states the specifications 
also become part of an ordinance which is passed by the city 
council. 

Specifications Quoted.—Two sets of specifications for con- 
crete construction are quoted in full. The first set is for part 
of the Wacker Drive improvement in the city of Chicago and 
is chosen because of the high quality of concrete secured and 
because of the publicity which the work has received. The 
other set is that of the Illinois Division of Highways. It is 
chosen because of the extensive program of concrete highway 
development in progress in that state. The division has always 
carried on extensive research work in concrete in order to keep 
themselves well informed. 

The A. S. T. M. specifications for cement and aggregates 
are given in the chapters discussing these materials. 


1Lorp, A. R. “Notes on Wacker Drive,” Proc. Am. Concrete Inst., 1927. 
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CoNcRETE SPECIFICATIONS FOR SuB AND SUPERSTRUCTURE OF 
Section NuMBER 9 OF THE SouTH WATER STREET IMPROVE- 
MENT! IN THE CrTy oF CuHicaGo, ILLINOIS 


Part 5. MATERIALS 


ConcrETE MATERIALS FOR STRUCTURAL CONCRETE 


Definition.— “Structural Concrete” shall be understood to mean all 
concrete in walls, piers, footings, columns, girders, beams and slabs, etc., 
excepting only concrete in pavement foundations and in sidewalks, curbs, 
and gutters laid on the ground. 

Portland Cement.—Portland cement shall meet the requirements of 
the Standard specifications for portland cement of the American Society 
for Testing Materials (Serial Designation: C9-21) with the additional 
requirement that the average tensile strength of standard mortar at 
28 days shall be at least 20 per cent higher than the strength at 7 days. 

No brand of cement shall be used, the record of which on actual con- 
struction work under conditions similar to those on this work is not 
such as to assure the Board of Loeal Improvements that it will give as 
satisfactory results as any other brand that may be readily obtained for 
the work. 

Reground Cement.—Reground cement for sidewalk light frames shall 
be portland cement as specified, but reground to such fineness that 
95 per cent will pass a No. 200 standard sieve. 

Hydrated Lime.—Hydrated lime shall meet the requirements of the 
tentative specifications for hydrated lime for structural purposes of the 
American Society for Testing Materials (Serial Designation: C6-23T). 

Fine Aggregate.—Fine aggregate shall consist of sand having clean, : 
hard, strong, durable, uncoated grains and free from injurious organic 
matter, loam, amounts of dust, lumps, soft or flaky particles, shale, 
alkali, or other deleterious substances. 

Fine aggregate shall range in size from fine to coarse particles within 
the limits indicated in the following table: 


Per- 

centage 
by 

Item Weight 
Passing through No. 4 sieve, not less than......... 85 
Passing through No. 50 sieve, not more than....... 30 
Passing through No. 50 sieve, not less than........ 10 
Weight removed by decantation, not more than... . 3 
Passing through No. 100 sieve, not over........... 2 


11Tt is known as Wacker Drive now. 
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The sieves and method of making sieve analysis shall conform to the 
“Standard Method of Test for Sieve Analysis of Aggregates for Con- 
crete” (Serial Designation: C41-24) of the American Society for 
Testing Materials. 

The decantation test shall be made in accordance with the “Tenta- 
tive Method of Decantation Test for Sand and Other Fine Aggregates” 
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Fig. 99.—Views of the completed Wacker Drive (completed, 1927). 


(Serial Designation: D136-22T) of the American Society for Testing 
Materials. 

Fine aggregate shall be of such quality that mortar briquets, cylin- 
ders, or prisms, consisting of one part by weight of portland cement 
and three parts by weight of fine aggregate, mixed and tested in accord- 
ance with the methods described in the ‘Standard Specifications and 
Tests for Portland Cement”’ (Serial Designation: C9-21) of the American 
Society for Testing Materials will show a tensile or compressive strength 
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at ages of 7 and 28 days of not less than 100 per cent of that of 1:3 
standard Ottawa sand mortar for the same water-cement ratio made 
with the same cement. Concrete tests shall be made in accordance with 
the “Tentative Methods of Making Compression Tests of Concrete”’ 
(Serial Designation: C39-21T) of the American Society for Testing 
Materials. 

Sand when tested in accordance with the ‘‘Standard Method of Test 
for Organic Impurities in Sand for Concrete” (Serial Designation: C40- 
22) of the American Society for Testing Materials shall show a color 
not darker than the standard color. 

Coarse Aggregate.—Coarse aggregates shall consist of crushed stone, 
~washed gravel, or other approved inert materials with similar charac- 
teristics or combinations thereof, having clean, hard, strong, durable, 
uncoated particles free from injurious amounts of soft, friable, thin, 
elongated or laminated pieces, alkali, organic or other deleterious matter. 
Coarse aggregate used in concrete for the viaduct structure shall be 
crushed stone. 

Coarse aggregate shall range in size from fine to coarse particles within 
the limits stated in the following table: 


Percentage by weight passing through standard sieves with 


Coarse square openings 
aggregate, 
designation ; . ; F 
3 inch 11¢ inch 34 inch 3¢ inch No. 4 
No. 1 Minimum 95 | Maximum 5 
No. 2 Minimum 90 20 to 40 Maximum 5 
No. 3 Minimum 95 20 to 40 Maximum 5 


The test for size and grading of aggregate shall be made in accord- 
ance with the “Standard Method of Test for Sieve Analysis of Aggre- 
gates for Concrete” (Serial Designation: C41-24) of the American 
Society for Testing Materials. 

Source of Materials.—The various concrete materials shall be taken 
from sources which are adequate to supply the entire requirements of 
this section of the Improvement without delaying the work. No change 
will be permitted in the brand of cement or in the source and character ° 
of the fine and coarse aggregate, after the concrete proportions have 
been determined. The engineer shall be notified of the source from 
which all aggregates will be taken for all superstructure concrete at 
least 3 weeks before such concrete will be needed, to permit of sampling, 
analysis and 7 day tests of concrete strength. This requirement must 
be strictly enforced in order to maintain uniformity in the concrete. 

Adequate storage facilities must be provided at the source of fine and 
coarse aggregates to insure (1) that no freshly washed or dredged 
material shall be delivered to the job without opportunity to drain for 
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at least one week; and (2) that the supply of aggregate may be main- 
tained in the necessary volume at all times, including the winter season. 


Fic. 100.—Construction views on Wacker Drive improvement, Chicago, Ill. 


The moisture content in the coarse aggregate shall not be greater 


than that commonly present in pits and in no ease shall it exceed 214 


per cent by weight. 
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Granite Screenings.—The fine aggregate for mortar to be used for 
surface finish of sidewalks, loading platforms, curbs, stairs, etc., shall 
consist of granite screenings free from dust, loam clay and other deleteri- 
ous matter and so graded that 95 per cent will pass a screen having 14- 
in. diameter holes, that not more than 20 per cent will pass a No. 50 
standard sieve, and that 95 per cent will be retained on a No. 80 standard 
sieve. 

Water.—Water for concrete shall be clean and free from injurious 
amounts of oil, acid, alkali, organic matter, or other deleterious 
substances. 


Part 7. FieLpD WoRK 
GENERAL 


Storing of Materials.—Materials, when delivered, shall be stored as 
the Board of Local Improvements may direct and in such a manner 
that they will not unnecessarily hinder the work of other contractors on 
the improvement or be an obstruction to traffic. This also applies to 
temporary buildings or sheds for the storage of materials, tools, and 
equipment. 

Facilities shall be provided on the job for the storage of cement and 
lime in such a manner that they are at all times protected from moisture, 
and any material which shows caking or lumping shall be rejected and 
removed from the work. This protection from moisture shall extend to 
the transportation of the cement from the mill to the work, the trucks 
used for this purpose being provided with waterproof covers. 

Aggregate to be used for making concrete shall be stored in bins 
or boxes in such a manner as to avoid admixture of dirt or other foreign 
matter. It shall be protected from the direct rays of the sun in hot 
weather (maximum temperature over 75°F.) and the coarse aggregate 
shall be protected from rain in order to maintain uniform moisture 
conditions. 

Trucks or wagons used to haul aggregate to the site of the work 
shall be clean and free from straw, dirt, or debris left from previous 
usage. Hach size and kind of aggregate shall have a separate and dis- 
tinct place of storage and no mixture of different coarse aggregates shall 
be used in this work. 

If steam is introduced into the coarse aggregate to heat the same in 
winter suitable gutters shall be provided to carry away the excess water 
and prevent the same from running into the mixer. 

Materials shall not be stored on the finished structure without 
permission from the Board of Local Improvements and in no event shall 
the load on the structure exceed the load for which it is designed. 
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CONCRETE Work 


General. Nh concrete work shall conform to the following speci- 
fications except that detailed requirements specified for certain classes 
of work or certain portions of the structure shall take precedence over 
these general specifications. 

Concrete Mixture.—Except as specified under Concreting in Cold 
Weather the concrete for the various parts of the work shall be mixed 
in accordance with the following table using the kind of coarge aggregate 
as specified for the various portions elsewhere in these specifications 
or on the drawings. Coarse aggregate No. 2 shall be used for all con- 
erete work having one or more exposed faces for which a mortar finish 
is not specified. 


Parts by volume 


Designation Water, 
of Aggregate gallons Part of structure 
mixture @ement) ————__—_———_|n nerssack 


Fine! | Coarse! 


1:7% 1 2.5 5 7503) Cylindrical piers as 
specified 

1:6 1 2 4 7 Structural concrete 
work in general 

1:4% iH 15 3 6.5 Columns and column 
capitals of viaduct 


| structure 


1 In these two columns are stated the usual nominal proportions. The exact division of the 
total aggregate between the fine and coarse will be determined by the Board of Local Im- 
provements so as to produce the required strength and density. The volume of sand may be 
increased as much as 30 per cent depending on the character of aggregate furnished for the 
work, but such increase in fine aggregate shall be balanced by an equal reduction in volume 
of coarse aggregate. 


1:6 concrete shall be used for any portion of the work for which 
the contract drawings and specifications do not give the mixture of 
concrete. In case of conflict the richer mixture shall be used. 

The amount of water given in the table is inclusive of the moisture 
in the aggregate. The Contractor may increase the water content 
of any mix at his own expense provided that the water-cement ratio 
shall be maintained constant and provided other requirements of these 
specifications are met. 

Hydrated Lime.—Hydrated lime shall be incorporated in all concrete 
for reinforced concrete work such as columns, girders, brackets, beams, 
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slabs, foundation girders, and all concrete used for encasement but shall 
not be used for mass concrete such as cylindrical piers, retaining walls, 
and dock walls where the reinforcement is of secondary importance. 

Whenever used, hydrated lime shall be added in the proportion of 8 
pounds of hydrated lime to 1 sack of cement. 

Where hydrated lime is used the proportion of cement and fine 
and coarse aggregate shall not be altered but the hydrated lime shall 
be used as an additional ingredient. 


Fira. 101.—A mixing plant on the Wacker Drive improvement. 


Proportioning.—The unit of measure shall be the cubic foot. A bag 
containing not less than 94 lb. of cement shall be assumed as 1 cu. 
ft. of cement. Fine aggregate shall be measured in an inundated con- 
dition by means of the ‘‘Inundator” or some fully equivalent device. 
Coarse aggregate shall be measured in an approved stone batcher. 
Water in excess of that in the inundated sand shall be measured in a 
batch tank. All measuring devices shall be calibrated so that the 
contents in cubic feet at any setting may be readily determined. The 
Contractor shall supply necessary labor and material for checking the 
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volume of material as delivered by the measuring devices at such times 
as directed by the Board of Local Improvements. 

The precise proportion between fine and coarse aggregate to be 
used where any mix is designated on the plans or in these specifications 
shall be determined by the Board of Local Improvements on the basis 
of tests of the materials furnished by the Contractor for use on the 
work. ‘The Contractor shall supply the Board of Local Improvements 
with sufficient material of each kind for such tests of proportions, 
density, and strength as it may find it desirable to make and shall trans- 
port such material to the testing laboratory. Sampling shall be done 
by the Board of Local Improvements. Such material shall be furnished 
3 weeks in advance of the time when construction work is to start on the 
superstructure concrete and at least 2 weeks in advance of the construc- 
tion work on substructure concrete. 

Machine Mixing.—All concrete shall be mixed by machine except 
in special cases where the Board of Local Improvements may permit 
mixing by hand. A machine mixer equipped with a proper water 
measuring device and a lock timing device, approved by the Board of 
Local Improvements, and of the batch type shall be used. The mixer 
shall be so constructed and so operated that the product delivered will be 
of the specified proportion and consistency and thoroughly mixed. 
Where hydrated lime is used it shall be added to each batch in the 
proper proportion and mixed in the regular manner. After all materials 
for a batch are in the drum, the mixing shall be started and shall be 
continued for at least 114 min. before any part of the batch is discharged 
from the drum. The drum shall be completely emptied before receiving 
material for the succeeding batch. The drum shall revolve at a rate of 
not less than 12 nor more than 16 r.p.m. The size of the batch shall 
not exceed the manufacturer’s rated capacity of the drum. 

Hand Mixing.—Hand mixing may be used for minor portions of the 
work, after permission is obtained from the Board of Local Improve- 
ments. It shall be done on a water-tight platform of sufficient size 
to accommodate men and materials for the progressive and rapid mixing 
of at least two batches of concrete at the same time. Batches shall 
not exceed 14 cu. yd. each. The mixing shall be done as follows: 
The fine aggregate shall be spread evenly on the platform, the cement 
and hydrated lime shall be spread evenly on the fine aggregate and these 
ingredients shall then be mixed thoroughly until of an even color. The 
water necessary to mix the mortar shall then be added and the mortar 
spread again. The coarse aggregate, which if dry shall be thoroughly 
wetted, shall then be added to the mortar and the mass turned over with 
shovels or hoes until thoroughly mixed and the coarse aggregate 
thoroughly covered with mortar. 

No mixing shall be done on or over new concrete work unless the same 
is thoroughly covered and protected from damage. 
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Consistency.—The consistency of concrete shall be controlled by the 
measurement of the slump of freshly mixed concrete. In general, 
the slump shall be maintained between 3 and 4 in., except that occa- 
sional batches with slumps greater than this may be permitted where the 
concrete appears too dry (as in hot weather) or where special difficulty in 
placing exists (as in heavily reinforced beams or under expansion 
joint plates). Where water rises to the surface batches shall be made 
drier until this water disappears. 

Retempering.—Retempering of mortar or concrete, that is, remixing 
with water after it has partially set, will not be permitted. 

Forms.—Forms shall be built and put together by skilled mechanics. 
They shall be built to exact lines in accordance with the drawings and 
in such a manner that the best possible concrete finish will be obtained 
without any special treatment of the forms and without extensive patch- 
ing of the concrete after the forms have been stripped. They shall be 
tight so as to prevent loss of mortar and shall be well braced and tied _ 
together so as to prevent bulging or distortion during the progress 
of concreting. All form lumber shall be tongued and grooved. Forms 
shall be kept damp at all times after being laid to prevent shrinking 
and opening of cracks. 

The ties or clamps used shall be of the detachable type which will 
permit the tying together of the forms in such a manner that no nails 
or wires will be exposed in the face of the concrete when the forms are 
stripped. 

Removable sections shall be left in the forms wherever necessary to 
facilitate cleaning. 

Forms and form lumber shall be carefully cleaned and inspected 
before using again. 

The Contractor shall be fully responsible for the stripping of forms 
and removal of supports but such work shall not be done against the 
instructions of the Board of Local Improvements. 

All excavations for footings or other concrete structures, if so ordered, 
shall be paved with planking, concrete, or a layer of crushed stone 
carefully leveled or shaped to conform to the underside of the footing or 
structure. 

Placing of Concrete.—Concrete, after the completion of the mixing, 
shall be brought to the place of final deposit without loss of time and 
under no circumstances shall concrete be used that has partially set 
before being placed in the forms. 

The concrete shall be deposited so as to prevent the separation 
of the ingredients and so as to insure thorough compacting. Concrete 
placed in forms shall be compacted by working with a straight shovel or 
slicing tool kept moving up and down until the ingredients have settled 
in their proper place. During this operation the coarse aggregate shall 
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be forced away from the forms for exposed work so as to make a 1g-in. 
thick mortar facing next to the forms. All concrete must be deposited 
in layers of uniform thickness throughout, except in horizontal slabs and 
beams. Inasmuch as the superstructure concrete will be exposed to 
the weather at all times an exceptional amount of puddling shall be 
done, to produce dense concrete throughout the structure. 

In the case of beams or girders with closely spaced steel near the 
upper surface concreting shall be done from either side and concrete 
shall not in any case be deposited on top of such top steel until 
the beam is completely filled and thoroughly puddled up to the 
under surface of such top steel. The top of the roadway slab shall 
be finished off with a 14-in. layer of mortar to a reasonably smooth 
- surface. 

Before placing concrete in columns the forms shall be filled with 
mortar (of the same materials and proportion as the mortar in the 
concrete) to a depth of 6 in. Before placing concrete in beams or 
girders the forms shall be filled with mortar in the same manner to a 
depth of from 1 to 2.in. as may be directed and depending on the 
congestion of reinforcing bars in the beam. A half-inch layer of mortar 
shall be placed in the bottom of the deck slab forms. 

Concrete shall not be deposited under water without the express 
approval of the Board of Local Improvements. When such approval is 
given, the concrete must be so handled as to prevent the washing of 
the cement from the mixture. 

Before depositing concrete in the forms, they shall be thoroughly 
oiled with paraffin oil, and the space to be filled with concrete shall be 
thoroughly cleaned of all dirt and rubbish. 

Whenever the placing of concrete is to be suspended for a period 
of more than 3 hours’ time, the top surface of the concrete then in 
place shall be trenched or roughened to provide a bond with the next 
succeeding layer of concrete to be placed thereon. The provisions for 
bonding successive courses of concrete shall, at all times, be subject 
to the direction of the Board of Local Improvements. 

Before placing new concrete on or against concrete which has set, 
the surface of the latter shall be thoroughly cleaned of scum, laitance 
and foreign material, and shall be roughened, wetted down and slushed 
with neat portland cement grout. 

Chutes may be used to convey the concrete to a hopper on the form- 
work but the final deposition of the concrete in the forms shall be 
from concrete carts. 

Concreting in Cold Weather.—For all superstructure work, including 
deck slab and columns, exposed vent ducts and loading platforms 
and reinforced concrete walls (including the dock walls), extra cement 
shall be provided and the amount of mixing water (including moisture 
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in aggregates) reduced and the length of mixing time increased in 
accordance with the following table: 


eee re 


For concrete Total cement per | Mixing water per Timnecoianiines 
placed during cubic yard 1:6 | sack of cement, oe 
months of: concrete, sacks gallons 

October and April 7 6.6 14 
November and 

March 8 6.2 1% 
December, Janu- 

ary and Febru- 

ary 9 5.8 2 


The cement and water contents and the time of mixing for 1:44 
concrete shall be changed proportionately. 

During the months November to March, inclusive, all materials 
shall be heated before being introduced into the mixer to insure a 
temperature of the fresh concrete of not less then 80°F. During 
the months of November and March the concrete shall be protected 
from falling below a temperature of 50°F. at any time during the first 
14 days after placing. All concrete placed during the months of Decem- 
ber, January and February shall be protected for 14 days after placing 
in such a manner as to maintain a temperature of not less than 60°F. 
at all times during the first 7 days after placing and a temperature 
of not less than 50°F. for the second 7 days. 

Under special permission from the Board of Local Improvements 
concrete may be laid in freezing weather, provided the following rules 
are strictly complied with: 

1. The initial temperature of the concrete after having been put 
in place in freezing weather, shall not be less than 80°F. The air 
temperature about the concrete shall be maintained at not less than 
60°F. for at least 7 days and nights. 

2. The concrete so laid must be covered and protected from freezing 
temperature as soon as completed. This protection shall be such as 
to provide an enclosure above and on the sides of the new concrete as 
well as below. 

3. To obtain concrete of the required initial temperature of 80°F., 
the materials used in mixing the concrete shall be heated as follows: 

a. The water shall be heated to at least 90°F. with the temperature 
near freezing, and approximately three degrees higher for each degree 
the temperature shall be below 30°F. 

b. The sand and usually the stone shall be heated. Great care 
must be taken to heat the mass evenly. Heat should range from 90°F. 
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with the temperature at freezing to not above 150°F. in the coldest 
weather. Coarse aggregate shall not be wetted in heating. 

4. Temperature shall be measured with a standard thermometer. 

5. No hydrated lime shall be used in concrete permitted to be placed 
in freezing weather, nor shall salt, calcium chloride, or any other chemi- 
cal be added. 

6. During the course of construction, incompleted courses or sections 
of concrete work must be protected from freezing during the intervals 
between placing batches of concrete. 

7. In the event that concrete is damaged by frost, the damaged 
mass must be removed to sound concrete and replaced by fresh concrete 
at the expense of the contractor. 

Surface Finishes. Spaded Finish.—All exposed work not requiring 
decorative treatment and for which a wearing surface is not speci- 
fied shall be given a spaded finish as described above. Great care 
shall be exercised to prevent the formation of air pockets and voids 
in the surface. After the removal of the forms all voids which may 
appear on the surface shall be filled with a mortar of the same pro- 
portions of cement and sand as that of the concrete, and rubbed smooth 
and even with the surface with a wooden float. A trowel shall not be 
used for this purpose. The board marks of the formwork shall be 
restored on such patches. All patches shall be kept damp for at least 
7 days. 

The cost of spaded finish shall be merged into the contract price 
for concrete. 

Wearing Surface.—The exposed portions of sidewalks, stair treads, 
curbs, gutters and vent ducts, and the top of the dock wall shall be 
covered with a wearing surface consisting of portland cement mortar 
mixed in the proportion of 2:3, using granite screenings. Not more 
than 4 hours shall elapse between the time of concreting the base of 
such work and the application of the wearing surface. The wearing 
surface shall be spread in such a manner as to insure a smooth and even 
surface after being thoroughly troweled. Sidewalks, curbs, gutters, 
and stair treads shall be given a wearing surface of 34 in. in thickness. 
The top of the combined vent duct and loading platform and of the 
dock wall shall have a wearing surface of one inch in thickness. 

If more than 4 hours shall elapse before placing the wearing surface 
a neat cement wash shall be applied to the surface of the concrete 
before placing the wearing surface thereon. 

Rubbed Finish.—All concrete work which enters into the orna- 
mental treatment of the viaduct structure shall have a special rubbed 
finish as hereinafter described. 

Included hereunder shall be the entire river front of the viaduct 
structure including the returns and the back face of the arches and 


200 PLAIN CONCRETE 


piers but not the columns or half columns which project from the piers 
towards the lower level roadway. 

Where the ornamental facing occurs at the lower side of the forms 
such as the fluted architectural facing below the cornice on the river 
front of the viaduct, 1:2 portland cement mortar shall be poured into 
the form for a depth sufficient to cover the ornamental work and prevent 
the stone aggregate from working to the face of the forms. 

The coarse aggregate shall be carefully worked back from the forms 
into the mass of the concrete with spades, fine stone forks, or other 
suitable tools, so as to bring a surface of mortar against the form. 
Care shall be taken. to remove air pockets and prevent voids in the 
- surface. 

The forms shall be removed from the surfaces to be finished, as 
early as practicable, and with great care. All joint marks, projections. 
and inequalities shall then be chipped off and all voids filled with a 
mortar of the same proportion of cement and sand as that of the con- 
crete. The surface shall then be thoroughly wetted with water and 
while wet, rubbed to a smooth, uniform finish with a brick made of 1 
part portland cement and 2 or 214 parts sand; or with a No. 3 Car- 
borundum brick followed by a No. 30, or with a No. 24 Carborundum 
brick, as may be necessary to obtain the desired degree of smoothness. 

No mortar or cement shall be applied except to fill distinct voids in 
the surface. Uneven places shall be smoothed by rubbing down 
and not by plastering. The surface shall be kept moist and protected 
- from rapid drying for not less than 3 days. 

Protection.—All new concrete work shall be protected against drying 
out and kept moist for from 7 to 14 days as conditions permit. The 
surface of the viaduct slab and other horizontal surfaces shall be covered 
with sand at least 1 in. thick which shall be applied as soon as the con- 
crete is hard enough to walk on and sprinkled as often as necessary to 
keep it moist at all times. Vertical or steeply inclined surfaces shall be 
sprinkled at least twice daily and oftener on hot days. 

In winter live steam may be used for heating and dampening the 
concrete, in which case no other provision for dampening need be made. 
Where salamander or other dry heat is applied to fresh concrete, 
special measures shall be taken to keep the concrete moist at all times. 

Tests of Concrete.—The Board of Local Improvements will conduct 
two series of tests to determine the quality of concrete in the work. 

The first concrete tests will be started as soon as the contract is 
awarded. Test specimens will be made in advance of the construction 
work and the Contractor shall furnish representative samples of the 
materials to be later used in the work. 

The second series of test specimens will be taken from concrete 
deposited in the forms and tested to determine the strength of concrete 
as actually placed in the work. 
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MATERIALS 


Portland Cement.—The cement shall be some standard brand of 
portland cement which has been in practical use in public work and 
has given satisfactory results therein. No brand of cement shall be 
used which the engineer deems unfit for the work. The cement shall 
meet the requirements of the Tentative Standard Methods of Sampling 
and Testing Highway Materials as adopted by the American Association 
of State Highway Officials, 1922, with subsequent revisions. 

Storage.—The contractor shall provide suitable means for storing and 
- protecting the cement against dampness. When cement is furnished 
by the state, any that has been damaged because of the failure of the 
contractor to provide suitable storage shall be paid for by the contrac- 
tor.? Different brands or grades of cement must be stored separately. 

Damaged Cement.—Bags of cement which, for any reason, have 
become partially set or which contain lumps of caked cement shall be 
rejected. 

Mixing Different Cements.—Different cements, even if tested and 
approved, shall not be mixed during use, nor used alternately in any 
one class of construction. 

Transportation of Cement.—In transporting the cement it shall be 
kept in a weather-proof compartment, separate from the other agere- 
gates, or placed between the fine and coarse aggregates, or covered with 
a tarpaulin if placed on top of the batch. If placed in contact with the 
fine or coarse aggregates, the entire batch of materials shall be placed 
in the mixer and mixed before the expiration of a period of five (5) hours. 

Fine Aggregate.—The fine aggregate shall consist of clean, hard, 
durable, uncoated stone particles, preferably of a siliceous nature, free 
from lumps of clay, soft or flaky particles, and organic matter. This 
description of fine aggregate shall not be interpreted as admitting the 
use of stone or slag screenings, unless the use of the same has been 
approved by the engineer in writing. 

Impurities.—Fine aggregate containing appreciable quantities of 
mica, shale, slate, ochre, or other soft grains shall not be used. It shall 
not contain more than two (2) per cent of material which may be 
removed by the elutriation test. In no case shall fine aggregate con- 
taining lumps of frozen material be used. 

Gradation.—The fine aggregate shall be well graded from coarse to 
fine, and when tested by means of laboratory sieves shall meet the 


following requirements: 


1 Used during the construction season of 1928. 
2 The state of Illinois buys the cement and furnishes it to the contractors. 
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Per Cent 
Passing 2 Z-inesiev.eey a eiere tetris eer not less than 95 
Passing? 20=meshisie Vener tet i eet et: 35 to 70 
Rassinga0-mes hu shee aeieiie cette er not more than 20 
Passing 100-mesh sieve.........:......+-- not more than 5 


Mortar Strength Test——When the fine aggregate is mixed with port- 
land cement in the proportions of one (1) part of cement to three (3) 
parts of fine aggregate, by weight, according to standard methods of: 
making 1 to 3 mortar-test specimens, the resulting mortar at the ages of 
seven (7) and twenty-eight (28) days shall have a tensile or compressive 
strength of at least 100 per cent of that developed, in the same time, by 
mortar of the same proportions and consistency, made of the same 
cement and standard Ottawa sand. Preliminary acceptance samples 
shall be subjected to both 7- and 28-day tests, and acceptance based 
thereupon. 

Coarse Aggregate.—The broken stone or gravel for coarse aggregate 
shall consist of clean, hard, tough, durable stone. It shall be free from 
soft, thin, elongated, or laminated pieces, disintegrated stone, vegetable, 
or other deleterious matter. In no case shall coarse aggregate contain- 
ing lumps of frozen or partly cemented material be used. 

Crushed Stone.—When crushed stone is used it shall be obtained from 
rock of uniform quality, having a per cent of wear of not more than 7. 

Gravel.—Gravel used for coarse aggregate shall show high resistance 
to abrasion, and no gravel which, in the opinion of the engineer, does 
not show wearing qualities at least equal to crushed stone having a per 
cent of wear of 7 shall be used. 

Grading.—All coarse aggregate shall be well graded, and when tested 
by means of laboratory sieves shall meet the following requirements: 


Per Cent 
Passi oy 2 it B16 V.C:n64. awe eaArery ae ee ee 100 
Bassin ce lin tele velar. sah wk ocr ere not less than 650 
Passin oon nSlev.ew sre ae catchy eae not more than 30 
Passi Oo lla SLO\V Cuetec arererake eet ae eee not more than 5 


Gradation of Aggregate.—In case the concrete resulting from a mix- 
ture of coarse and fine aggregates, which otherwise comply with the 
provisions of the foregoing sections for fine and coarse aggregates, is not 
of a workable character, or, when finished does not exhibit a proper sur- 
face, as may occur when a fine aggregate having approximately the 
minimum permitted percentage passing a 20-mesh sieve is used with a 
coarse aggregate having the maximum permitted percentage passing the 
1g-in. sieve, the engineer shall, at his discretion, require that (a) either 
a fine aggregate having a greater percentage passing the twenty-mesh 
sieve; or (b) a coarse aggregate having a smaller percentage passing the 
1g-in sieve, be used. 
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Unscreened Material.—The use of pit-run or unsereened material, or 
material made up of a mixture of fine and coarse aggregates contained 
therein, will not be permitted. 

Water.—The water used in mixing the portland cement concrete shall 
be reasonably clean and free from oil and organic matter. It shall not 
be brackish or have an acid or alkaline reaction. 

Calcium Chloride.—The calcium chloride used for the curing or 
hardening of concrete shall be in the form of loose dry lumps or flakes, 
and fine enough to feed readily through the common forms of spreaders 
used in road work, and when tested by means of laboratory sieves shall 
meet the following requirements: 


Per Cent 
IPENERINVa Saba EN I@y ie Gone oe een HEE 100 
Retained on $4-1n. sieve................. not more than 20 
Passing 20-mesh sieve.................-. not more than 10 


Chemical Composition.—Ten grams of the material dissolved in 100 
cc. of boiling water shall show less than 1.0 per cent insoluble residue. 
Not more than 1.0 cc. of normal acid shall be required to neutralize the 
alkalinity of the filtrate, using methyl orange. The chemical composi- 
tion shall conform to the following requirements: 


Per Cent 
Ga Cloa(amiy dros) sreertest-saric sie castes ts not less than 73 
LN EEL GH ps 55 eee ee MNT Ee ee not more than 0.5 
IaH GM ios ear ae rt Pe not more than 1 


The percentage of calcium chloride shall be calculated from the per- 
centage of calcium in the filtrate above referred to, after making a 
deduction for the SO., which shall be assumed to be in combination 
as CaSO. 

Size of Package.— The calcium chloride shall be delivered in air-tight, 
moisture-proof bags or sacks containing approximately 100 lb. each, or 
in air-tight steel drums weighing not more than 350 Ib. each. The 
name of the manufacturer, the lot number, the approximate new weight, 
and the percentage of calcium chloride guaranteed by the manufacturer 
shall be plainly marked on each container. 

Rejection.— Calcium chloride will be rejected if it fails to pass any of 
the requirements of these specifications and if it has become caked or 


sticky in the containers before opening. 


CoNnSTRUCTION 


Storage of Aggregates.—If materials are stockpiled, such piles shall 
be built up in layers not to exceed more than 3 ft. in height and each 
layer shall be completely in place before beginning on the next. Coning 
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or building up of stockpiles by depositing material in one place will 
not be permitted. 

Mixing of stone in one storage pile, or alternating batches of different 
aggregates will not be permitted. 

Placing of Aggregates.—The placing of loads or piles of fine or coarse 
aggregate directly upon the subgrade, or upon the shoulders immedi- 
ately adjacent thereto, to be wheeled, shoveled, or conveyed directly 
to the mixer will not be permitted. 

The placing of storage piles at intervals of not less than 500 ft. at 
specially prepared places along the road, preferably at intersecting 
roads or on private property, will be permitted. Such storage piles 
~ shall be at least 6 ft. in height. 

If the materials become mixed with earth or other foreign matter 
between the time of loading at the plant and the time of charging the 
mixer, they shall be thoroughly cleaned, as directed by the engineer. 
If not so cleaned, they will be rejected. 

Measurement of Aggregates.—The quantities of aggregates for each 
batch shall be exactly sufficient for one or more sacks of cement; no 
batch shall be run requiring fractional sacks of cement. All aggregates 
shall be measured by use of approved automatic measuring devices. 
No other means of measurement will be permitted. 

Side Forms.—The side forms for the concrete pavement shall be of 
steel. They shall be of sufficient strength that when tested as a simple 
beam with a load equal to the weight of the finishing machine used, 
they shall not deflect to exceed 14 in. in 10 ft. They shall be straight 
and of a width equal to the thickness of the pavement at the edge. 
All forms shall be set with exactness to the required grade and 
alignment of the pavement and be supported in such _ position, 
during the entire operation of tamping and finishing, that they shall 
not at any time deflect as much as 14 in. from a straightedge 10 ft. 
in length. The use of bent, twisted, or worn out side forms will not 
be permitted. All steel forms shall be cleaned and oiled after each 
time used. If, after forms have been set and before concrete is placed, 
the subgrade becomes soft and yielding due to rain or similar causes, 
the forms shall, when required by the engineer, be relaid on a stable 
foundation. 

The contractor shall at all times have on the job sufficient forms to 
comply with the requirements of subgrade operations specified in 
Secs. 1-11 and sufficient forms so that it wil] not be necessary to remove 
them within 12 hours after the concrete is placed. 

Proportions for Concrete.—The concrete for the pavement shall 
consist of 1 part cement, 2 parts of fine aggregate, and 314 parts of 
coarse aggregate. The aggregate shall be placed in the mixer in such 
a manner as to insure that a uniform amount of each class of aggregate 
and cement is used in each batch of concrete. One sack of cement 
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shall be considered as having a volume of 0.95 cu. ft., and all measure- 
ments shall be made by volume. 

(a) Checking Amount of Concrete Placed.—The engineer shall 
calculate the amount of mixed concrete required for any unit of 
pavement length according to the specifications and the accompanying 
plans and cross sections. 

To determine the amount of cement, fine aggregate, and coarse 
aggregate required per cubic yard of mixed concrete, the engineer 
shall make tests as are necessary. This determination shall be 
made by mixing concrete under actual field conditions. 

As often as the engineer deems necessary, this test shall be repeated 
and new quantities determined. 

If, for any such unit of pavement length, the actual amount of 
cement used exceeds by more than 4 per cent the calculated quantity, 
determined as above specified, the contractor shall be charged for 
such excess. 

Consistency.—The amount of water used shall be such that the con- 
sistency of all batches will be uniform. A consistency in which there 
is any tendency towards a segregation of the aggregates will not be 
permitted. 

The consistency of the concrete under a visual examination shall 
conform to the following: 

The batch of concrete when deposited upon the subgrade shall tend 
to settle slowly. The concrete at the edges of the batch shall have a 
tendency to roll rather than torun. As the batch settles, the individual 
pieces of aggregate, which should be thoroughly coated with mortar, 
should crack or break away from adjoining pieces of aggregate. The 
concrete should be of such a consistency that there will be no glistening 
of the mortar from an excess of water. 

The consistency of the concrete shall be determined by the following 
test: 

A frustum of a cone, 4 and 8 in. in diameter, top and bottom, respec- 
tively, and 12 in. in height, shall be placed on its base and filled with 
concrete which shall be tamped until all voids are filled and a slight 
film of mortar appears on the surface. The cone shall then be slowly 
removed and the vertical settlement or “‘slump”’ of the concrete noted. 
This settlement shall not exceed 2 in. nor shall it be less than 44 in. 

Mixing Concrete.—Concrete shall be mixed in a batch mixer of a 
type approved by the engineer. No mixer shall be used which requires 
less than four sacks of cement per batch. 

The mixer shall be equipped with an attachment for automatically 
timing each batch of concrete so that all the materials will be mixed 
together for the minimum time required. The timing device shall 
consist of an automatic arrangement for locking the discharge chute 
and a device which will warn the operator when all the materials have 
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been mixed together for the required period. If the timing or lock- 
ing device becomes broken or fails to operate, the contractor shall 
immediately place before the mixer operator a clock or watch having 
a second hand. If the timing or locking device is not repaired or 
made effective within 3 days from the time it became unserviceable, the 
mixer shall be shut down until the proper repairs are made. 

The type of mixer shall insure uniform distribution of the materials 
throughout the mass until it is uniform in color and smooth in appear- 
ance. All of the materials for each batch of concrete, including the 
water, shall be mixed at least 1 min. while the drum revolves at the 
speed for which it was designed, but between 14 and 20 revolutions 
per minute. If a thorough mixing of the concrete, in the opinion of 
the engineer, is not effected by this process, a sufficient number of addi- 
tional revolutions at the same rate shall be given until a thorough 
mixing of each batch of concrete is secured. Any concrete mixed less 
than 1 min., as specified herein, shall be dumped outside of the forms 
and removed from the roadway at the entire expense of the contractor. 
The volume of material mixed per batch shall not exceed the manu- 
facturer’s rated capacity of the drum. 

The use of mixers having a chute delivery will not be permitted. 

No materials for a batch of concrete shall be placed in the drum of 
the mixer until all of the previous batch has been discharged therefrom. 
Water shall be added at the time the materials are being run into the 
mixer. 

(a) Central Mixing Plants—The use of a central mixing plant and 
the transportation of mixed concrete to the road will be permitted, 
provided there is no unreasonable segregation of the concrete when 
it arrives at the point where it is to be deposited on the road, and 
provided further that the period of time elapsing from the time the 
concrete is mixed until it is deposited on the road does not exceed 
30 min. The concrete shall be thoroughly rehandled with shovels 
or other suitable means, if necessary, to obtain a uniform consistency 
before tamping. Where proportioned aggregates or mixed concrete 
are transported to the road by trucks or wagons, the gross weight 
which will be permitted on the subgrade through any two wheels on 
the same axle of the vehicle shall not exceed 550 lb. per inch of width 
of tire upon such wheels, except by written permission of the engineer. 
The gross weight shall include the weight of the vehicle plus the 
load upon the vehicle. 

(6) Retempering—Mortar or concrete which has partially set 
shall not be retempered by mixing the mortar or concrete with 
additional materials or water. 

Longitudinal Center Joint.—When required by the plans, the concrete 
pavement shall be built so as to have a longitudinal joint in the center 
of the pavement. The joint shall be made by installing a specially 
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designed metal strip which will separate the concrete. The metal strip 
shall be of the gauge and form specified and indicated on the plans and 
may be either painted or galvanized. The strips shall be held rigidly in 
place by suitable pins at least 15 in. long driven vertically through 
punched holes in the joint. Adjoining strips shall be lapped at least 2 
in. and also securely fastened by means of the pins driven through 
matched holes in the splice. The spacing of the holes and the pins 
shall in no case be greater than the dimensions shown on the plans. 
The metal strips shall be not less than 10 ft. and not more than 15 ft. in 
length. Riveted lengths of metal strip may be used only upon written 
approval of the engineer. Punched or cut holes shall be provided in the 
metal strip, spaced as shown on the plans, to receive the transverse bars 
across the center joint. A templet, approved by the engineer, shall be 
used to place the metal center joint in horizontal and vertical alignment 
before depositing and finishing the concrete and care must be taken not 
to displace the joint material during the finishing operations. 

(a) Transverse Reinforcing Steel across Center Joint.—Transverse 
round deformed bars of the length, size, and spacing as shown on the 
plans shall be placed through the center joint. The use of any 
deformed, rough-surfaced bar having a cross-section area equal to or 
greater than that shown on the plans will be permitted. These bars 
shall be held in place while the concrete is being poured, by pins left in 
place. 

Longitudinal Bars in Edges of Pavement.—When required, bars hav- 
ing the cross section and length as shown on the plans shall be placed in 
the edges of the concrete pavement, parallel to the center line, in the 
manner indicated. Each bar shall be painted at the site of the work 
with one coat of red lead or sublimed blue lead paint conforming to the 
requirement of Secs. 33-3 and 33-6 “‘ Paint for Steel Bridges.’’ When the 
paint coat has entirely dried, and immediately before placing of the bar 
in the concrete, the bar shall also be coated with a thin film of heavy oil. 
The bars shall be held in position by steel pins driven and left in place, 
spaced as shown on the plans. The pins shall be of a type approved by 
the engineer and shall be of such a character that the vertical support to 
the rods will be supplied at the ground line and the lateral support by 
contact with the side forms. Where longitudinal bars are lapped, the 
free ends at the laps must be adequately supported. Care shall be 
taken that the elevation of the bars is maintained throughout the 
placing and tamping of the concrete. 

Steel.—All steel bars used in the concrete pavement shall meet with 
the requirements of Specification X XVII, ‘‘ Reinforcement.” 

Mixing Conditions.—No concrete shall be mixed while the tempera- 
ture is at or below 35°F., and no materials containing frost shall be used. 
Bags of cement or fine aggregate which contain lumps or crusts of hard- 
ened material shall not be used. The concrete shall be mixed only in 
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such quantity as is required for immediate use and any which has devel- 
oped initial set, or has been mixed longer than 30 min. shall not be used. 

All concrete shall be effectively protected from the action of frost for a 
period of at least 5 days after it is deposited in the work. All concrete 
which has not been properly protected as above specified and concrete 
which may have become damaged by frost shall be replaced at the 
contractor’s expense upon written notice from the engineer. Concrete 
shall not be placed upon a frozen subgrade. 

Placing and Finishing Concrete.—The concrete shall be placed 
between the side forms in successive batches for the entire width 
to at least the full thickness of the pavement and thoroughly spaded 
along the forms. 

After it has been deposited, it shall be struck off in such manner that 
the crown elevation shall be 14 in. higher than the finished pavement 
and then compacted or finished mechanically with a power driven 
machine approved by the engineer until all voids are removed and the 
concrete thoroughly compacted. The mechanical compacting machine 
or finishing machine shall go over each area of the pavement at least 
three times, at such intervals as will give the desired results. The 
mechanical compacting machine or finishing machine shall be kept in 
good repair at all times and shall operate so as to give the desired finish 
over the entire surface of the pavement. 

Immediately after the final compacting, the surface shall be belted 
once, operating the belt with a combined cross wise and longitudinal 
motion. If the belt attached to the finishing machine does not, in the 
opinion of the engineer, produce the desired results, independent belts 
shall be supplied and used. Care shall be taken not to work the crown 
out of the pavement, nor to permit the edges of the belt to dig into the 
surface of the concrete. 

The belt used shall be of canvas rubber composition or canvas from 
two to four ply and shall have a width of not less than 6 in. and a length 
of at least 2 ft. longer than the width of the pavement. The belt shall 
be cleaned after each day’s run and shall be oiled as required by the 
engineer. 

Immediately after the surface of the pavement has been given the 
preliminary belting, it shall be tested at all points by means of a 10- 
ft. straightedge and all variations greater than 14 in. shall be eliminated 
by means of a long-handled wooden float or straightedge. 

Immediately after the compacting and finishing operations have been 
completed, all surplus water, laitance, or inert material shall be worked 
off by one of the following methods: 

(a) The entire surface of the pavement shall be scraped with a 
straightedge having a length of not less than 8 ft. nor more than 15 ft. 

If not more than 10 ft. in length, the straightedge may be operated by 
a long handle from the side of the pavement. 


SPECIFICATIONS 209 


If more than 10 ft. in length, it shall be operated from bridges resting 
on the side forms. 

The scraping or floating shall be accomplished by drawing the straight- 
edge from the crown of the pavement to each side in such manner that 
all laitance, surplus water, and inert materials shall be removed from 
the surface. At each operation of the straightedge, there shall be a 
one-half lap longitudinally. 

(b) The surface of the pavement shall be rolled with a smooth roller, 
not less than 6 ft. in length, operated by means of ropes or long handles. 

The roller shall be operated slowly in a transverse direction from one 
edge of the pavement to the other and back again over the same area. 
A one-half lap shall then be made, taking great care not to mar or dis- 
place the concrete, and the rolling continued in the same manner until 
the entire surface has been rolled. 

(c) Any other method approved by the engineer. 

The surface shall again be checked with a 10-ft. straightedge, and any 
irregularities over 14 in. shall be eliminated. 

When the surface of the concrete is free from water and just before 
the concrete obtains its initial set, it shall be given a final belting to 
produce a uniform finish. The final belting shall be of short, rapid, 
transverse strokes, having a sweeping longitudinal motion. Badly 
worn belts shall be discarded and new ones used. 

The edges of the pavement shall be carefully finished with an edger 
having a radius of about 34 in. at about the time the concrete takes 
its initial set. This shall be done in such manner that the edge will 
be left smooth and true to line. 

As soon as the pavement has set sufficiently to permit walking on it 
and not later than 10 o’clock of the morning following the placing of the 
concrete, it will be again thoroughly straightedged by the engineer 
and all variations exceeding 14 in. shall be plainly marked. The 
contractor shall at once eliminate such variations by the use of a carbo- 
rundum brick and water. The rubbing shall not be continued after 
contact with the coarse aggregate is made, and, in no case, shall it be 
done in such manner or carried to such extremes that the bond of the 
concrete will be broken. 

For each variation greater than 14 in. remaining after the above 
provisions have been complied with, there shall be deducted from the 
amount due or which may become due the contractor, the cost of 1 sq. 
yd. of pavement at the contract unit price per square yard, exclusive 
of the cost of cement. 

The use of a bush hammer or similar device to remove irregularities 
after the concrete has taken its final set will not be permitted. 

The finished concrete pavement shall be uniform in character and 
appearance, free from voids and depressions, and true to the cross- 


sections shown on the plans. 
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Hand Finishing.—Compacting and finishing by hand will not be 
permitted except in the case of a break-down of the mechanical com- 
pacting machine or other emergency, and then only upon special per- 
mission from the engineer. If compacting and finishing by hand 
are necessary, at least one man for each 150 lin. ft. of pavement laid 
per day, and at no time less than two men, shall be engaged at the 
exclusive work of compacting the concrete. 

Immediately after the final compacting, the pavement shall be rolled, 
the roller being operated as specified hereinbefore, and immediately 
thereafter the surface belted and finished as herein specified. 

Auxiliary Finishing Equipment.—The following auxiliary finishing 
equipment shall be provided for emergency use and shall be available 
at all times: 

(a) A bridge, designed so that when placed on the forms no part shall 
come in contact with the pavement. It shall be such that it can be 
readily transported from place to place. The use of an auxiliary belting 
machine as a substitute for the bridge will be permitted. 

(b) A tamping templet, approved by the engineer, the tamping face 
of which shall be approximately 4in. The templet shall h. ve sufficient 
rigidity to maintain the true cross section of the pavement. 

(c) An extra finishing belt of the type described above. 

(d) Two or more 10-ft. straightedge timbers made from suitable 
material. 

(e) Long-handled wood floats having a blade at least 3 ft. in length 
and 6 in. in width. 

Joints.—At the close of each day’s work, or when the process of 
depositing concrete is stopped for a length of time such that, in the 
opinion of the engineer, the concrete will take its initial set before work 
is resumed, a butt construction joint shall be made perpendicular to 
the center line of the pavement. Sections less than 10 ft. in length 
between header boards will not be permitted. 

A clean plank having a thickness of not less than 3 in., a width of 
not less than the thickness of the pavement, and a length not less than 
the width of the pavement shall be used for this joint. It shall be 
cut true to the crown of the finished pavement and shall be accurately 
set and held to place in a plane at right angles to the longitudinal 
surface of the pavement. The metal center joint must be placed in con- 
tact with the header board. Where longitudinal bars are used, they shall 
project at least 24 in. beyond the construction joint. Vertical open 
slots in the header board will be permitted to facilitate the removal 
of the header board and the placing of the bars. 

Any surplus concrete remaining on the subgrade, upon resumption 
of work, shall be removed. The header board shall then be carefully 


1See page 208. 
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removed and fresh concrete deposited against the old in such manner 
as to avoid any rise or depression in the joint which will vary more 
than }4 in. from a 10-ft. straightedge. 

Construction of Pavement in Two Strips.—The contractor will be 
permitted to construct the pavement in two strips of equal width, 
provided he complies strictly with the plans and specifications in all 
other respects. 

Protection and Curing.—After the concrete pavement has been 
finished as specified herein, it shall be protected against rapid drying 
by covering with 10 or 12 oz. burlap, wetted thoroughly and laid directly 
upon the surface as soon as, in the judgment of the engineer, the 
concrete has sufficiently set to prevent marring the surface. The 
burlap shall be kept continuously wet by sprinkling during the day as 
required. Unless the foregoing provisions have been complied with, 
work shall be immediately suspended. 

As soon as practicable after the concrete has taken its final set and 
not later than 10 o’clock a. m. on the day following the placing of the 
concrete, all burlap shall be removed and the pavement cured by one 
of the methods described below. 

(a) Earth Covering—tThe edges of the pavement shall be banked 
and the entire surface covered with at least 2 in. of earth, the thick- 
ness of the covering to be determined after the earth has been thor- 
oughly saturated with water. The earth covering shall be thoroughly 
saturated with water each day for a period of 8 days and it shall 
remain on the surface for at least 14 days from the time of its applica- 
tion and for a longer period of time if weather conditions, in the 
opinion of the engineer, make it desirable. It shall then be scraped 
off and spread over the earth shoulders on either side of the pave- 
ment in a thin, uniform layer. 

(b) Straw Covering—The entire surface shall be covered imme- 
diately with straw. The straw covering shall be at least 4 in. thick 
after having been saturated with water and shall be kept wet in 
the same manner and for the same length of time as specified for 
earth covering. It shall then be removed and disposed of, so as to 
leave the road in a sightly condition, but under no circumstances 
shall it be burned on the pavement surface or in close proximity 
with the edges. 

(c) Ponding Method.—The method of curing known as ponding 
may be used if desired. If this method is used, the surface shall 
be flooded with water held by means of earth dikes, and shall be 
kept covered with water for a period of at least 8 days. 

(d) Calcium Chloride—The surface shall be uniformly covered 
with flaked or granulated calcium chloride, applied at the rate of 
not less than 214 lb. per square yard of pavement, spread by a squee- 
gee or suitable mechanical device so that a uniform distribution 
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is obtained. Spreading by means of shovels and brooms will not 

be permitted. All lumps shall be broken and uniformly distributed 

over the pavement or entirely removed. 

It shall not be applied until a period of at least 10 hours has elapsed 
after the pavement is laid. It shall not be applied during a rain. 
If a rain falls within a period of 2 hours following the application 
of the chloride, an additional application must be made. 

Curing When Temperature is Below 50°F.—When the average daily 
temperature is below 50°F., curing by the above methods shall be 
omitted, if so ordered by the engineer. In this event, the edges of the 
pavement shall be thoroughly banked with earth and the entire surface 
covered either with two or more inches of each or with straw for a period 
of 2 weeks. 

Opening to Traffic.—The pavement shall be kept closed to traffic, for a 
period of at least 21 days. If, in the opinion of the engineer, weather 
conditions make it advisable, the pavement shall be kept closed to 
traffic for a longer period of time than the 21 days mentioned. 

Within 21 days after placing the pavement and before it is opened to 
traffic, an earth berm shall be constructed along each edge. This berm 
shall be built to the full height of the pavement, shall be of suitable width 
and sufficiently compacted to prevent underwash of the pavement. 
It shall be maintained until the earth shoulders are finally completed. 

Pavement Adjacent to Railroad Crossings and Bridges.—Pavement 
adjacent to railroad crossings and bridges, and over bridges, shall be 
constructed in accordance with the special designs shown on the plans. 
The cost of constructing such pavement, including all labor and mate- 
rials, shall be included in the contract unit price per square yard for port- 
land cement concrete pavement. 

Unless otherwise specified on the plans, the spaces between the edges 
of the pavement and bridge rails shall be filled with broken stone or 
gravel, and such material shall be included in the contract unit price 
per square yard for portland cement concrete pavement. Bituminous 
material for joints adjacent to railroad crossings or bridges shall also be 
included in said unit price. 

Basis of Payment.—This work shall be paid for at the contract unit 
price per square yard for ‘‘portland cement concrete pavement,”’ which 
price shall include all reinforcing steel, metal center joint, painting of 
steel, all other materials required herein, equipment, tools, labor, and 
all work incidental to the construction thereof, 


CHAPTER 14 
SAMPLING 


Sampling is the process of selecting small, representative 
quantities of a given material for purposes of examination or 
testing. Since the quality of a large amount of material is to 
' be determined on the basis of the sample selected, it is exceed- 
ingly important that the portion taken be representative. Much 
is often left to the judgment of the person doing the sampling as 
to whether the material is accepted or rejected. 

Cement, aggregates, and water are the only concrete materials 
to be sampled, with the possible exception of curing agents and 


Fic. 102._Sample splitter for securing representative test samples of sand. 


admixtures. Methods for sampling and testing of cement and 
aggregates are prescribed by the American Society for Testing 
Materials and are usually followed by engineers. 
Cement.—Cement is normally sampled by the purchaser 
after it is in the car ready for shipment. The manufacturer 
normally takes his samples from the bins. A sample is taken 
for each 50 bbl. when loaded in the cars or one for each 200 
bbl. when taken from the bins. If it is not desired to test a 
sample for each 50 bbl., a composite sample may be taken for 
213 
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each car. The composite sample is gotten by taking small 
quantities from one out of every 40 sacks and then mixing them 
together before testing. 

Samples taken upon arrival at the job should be placed in 
clean moist-proof containers for transfer to the laboratory. If 
the container has been used for any other purpose previously, it 
should be cleaned out thoroughly and be dry. Sugar bags should 
not be used because a few grains of sugar are likely to reduce 
considerably the strength of concrete or mortar in which the 
cement may be used. 


a b e 


‘¥Fia. 103.—Selecting test sample of pebbles by quartering method. a, full sample 
b, cut in two c, one of the halves cut in two. ; 


Aggregates.— Before using aggregates from any pit or quarry 
for concrete, the general quality of the material in the deposit 
should be determined. Knowledge should be had of the dura- 
bility, strength, wearing qualities, and soundness. The deposit 
in a pit or quarry may vary considerably from place to place 
so that a large number of samples should be secured before 
removal operations are begun, or the deposit should be watched 
and checked occasionally as work progresses. Knowledge of 
material contained in neighboring pits or quarries is helpful 
in judging the quality of the material in question. 

After the materials in any pit or quarry have been accepted 
for quality, certain other tests must be made on each carload. 
Gradation and cleanness are the items needing constant control. 
Sand, because of its size and moisture content, is rather uniform 
as loaded into a car. Coarse aggregate has a tendency to 
segregate according to size of particles. The coarser ones roll 
down to the edge of the pile and the finer ones concentrate 
in the center under the unloading spout. 

Preparing Samples for Testing—The samples as selected 
must be further reduced in size before the individual tests can be 
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made. Again, special efforts are made to select representative 
portions for testing. Cement should be thoroughly mixed and 
passed through a 20-mesh sieve. Aggregates should be well 
mixed which may be done with a shovel or trowel. The portion 
for testing is selected by the quartering method. The original 
sample is spread in an even layer and then divided into two 
parts. One of these parts is divided in two and the process 
continued until a part is secured which has the required amount 
in it for the test. In case sample splitters are not available, 
the division may be made with a shovel or a trowel. 


Fic. 104.—Sampling concrete. Sampler box was placed in the center of the con- 
crete cart to receive a representative portion of the concrete going into the cart. 


Specifications for Sampling.—The A. 8. T. M. specifications 
for sampling cement and aggregates are quoted in full. 


SAMPLING OF PORTLAND CEMENT! 


16. Number of Samples.—Tests may be made on individual or compos- 
ite samples as may be ordered. Each test sample should weigh at 
least 4 Ib. 

17a. Individual Sample.—If sampled in cars, one test sample shall be 
taken from each 50 bbl. or fraction thereof. If sampled in bins, one 
sample shall represent each 200 bbl. unless otherwise specified by the 
purchaser. 

b. Composite Sample.—If sampled in cars, one sample shall be taken 
from one sack in each 40 sacks (or 1 bbl. in each 10 bbl.) and combined 
to form one test sample. If sampled in bins or warehouses, one test 


1 Quoted from ‘Standard Specifications and Tests for Portland Cement,” 
of the A. S. T. M., serial designation C9-26. The paragraph numbers are 
those given in the A. S. T. M. standard. 
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sample shall represent not more than 200 bbl. unless otherwise specified 
by the purchaser. 

18. Method of Sampling—Cement may be sampled at the mill by 
any of the following methods that may be practicable, as specified: 

a. From Conveyor Delivering to the Bin —At least 4 lb. of cement shall 
be taken from approximately each 100 bbl. passing over the conveyor. 
This may be secured by taking the entire test sample at a single opera- 
tion, known as the “grab method,” or by combining several portions 
taken at regular intervals, known as the ‘‘composite method.”’ 

b. From Filled Bins by Means of Proper Sampling Tubes.—Tubes 
inserted vertically may be used for sampling cement to a maximum 
depth of 10 ft. Tubes inserted horizontally may be used when the con- 
struction of the bins permits. Samples shall be taken from points well 
distributed over the face of the bin. 

c. From Filled Bins at Point of Discharge-—Sufficient cement shall be 
drawn from the discharge openings to obtain samples representative of 
the cement contained in the bin, as determined by the appearance at the 
‘discharge openings of indicators placed on the surface of the cement 
directly above these openings before drawing of the cement is started. 

19. Person Taking Sample—The sampling shall be done by or under 
the direction of a responsible representative of the purchaser. 

20. Treatment of Sample—Samples preferably shall be shipped and 
stored in moisture-proof, air-tight containers. Samples shall be passed 
through a sieve having 20 meshes per linear inch in order thoroughly to 
mix the sample, break up lumps, and remove foreign materials. 


STANDARD METHODS OF SAMPLING STONE, SLAG, 
GRAVEL, SAND, AND STONE BLOCK FOR USE AS 
HIGHWAY MATERIALS 


INCLUDING SOME MATERIAL SURVEY METHODS 
A.S.T. M. Serial Designation D75-22 


1. Samples of all materials for test upon which is to be based the 
acceptance or rejection of the supply shall be taken by the engineer or 
his authorized representative. Samples for inspection or preliminary 
test may be submitted by a producer or owner of the supply. 


I. Sampiine or STonE 


A. Sampling of Stone, from Ledges or Quarries for Quality 


2. Inspection.—The ledge or quarry face shall be inspected closely 
to determine any variation in different layers. Any difference in color 
or structure shall be observed, and, if necessary to secure unweathered 
specimens, pieces broken from different layers. 
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3. Sampling and Size—a. For standard stone test, separate samples 
shall be taken of at least 30 Ib. each of fresh unweathered specimens 
from all layers that appear to vary in color or structure. When more 
than one piece is taken, the minimum size shall be 2 in., except that 
there shall be one piece of each sample of a minimum size of 4 X 5 X 3 
in. on which the bedding plane is marked and which shall be free from 
seams or fractures to be used in the toughness or compression test. 

b. The sample for concrete test will depend on the kind of tests to be 
made and the number of specimens necessary. 

4. Record.—In addition to the general information accompanying all 
samples, samples from local ledges not commercial sources shall contain 
the following: name of owner, approximate quantity available (if the 
quantity is very large, this can be recorded as practically unlimited), 
amount and character of overburden or stripping, haul to nearest point 
on road where the material is to be used, character of haul (kind of road 
and grade), also some detailed record of the extent and location of the 
material represented by each sample. For this purpose a sketch, plan, 
and elevation showing the thickness and location of the different layers 
is recommended. 


B. Sampling of Stone from Commercial Quarries 


5. For Quality—Where practical, samples from commercial quarries 
shall be taken from the ledge or quarry face and the same procedure 
shall be followed as when sampling local ledges. 

6. For Size—At the plant, the following factors affect the size of 
broken stone: size and shape of screen openings, length of screen sec- 
tions, the angle of screen with horizontal, the speed of screen rotation, 
and the rate at which the screen is fed. A general inspection and record 
of these conditions shall be made. The sample shall be taken preferably 
from cars or boats while loading from stock piles or bins. It is recom- 
mended, in order that the sample may be representative, that separate 
samples be taken at different times while the material is being loaded. 
If the sample has to be taken from the bin or stock pile, several samples 
shall be taken from different parts of the stock pile and from the top of 
the bin and the loading chute. These separate samples shall be well 
mixed in a composite sample and the sample for test obtained by the 
quartering method. . 

7. Sampling at Delivery—a. Where it is not practical to visit the 
plant, samples for both quality and size shall be taken from different 
parts of the car or boat during unloading. It is recommended that 
separate samples be taken from the top, middle, and bottom of car or 
boat. These separate samples shall be well mixed in a composite sample 
and the sample for test obtained by the quartering method. The results 
of tests on crushed stone for quality are not considered comparable with 
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results from samples specially broken for test in the laboratory, but the 
general quality of the stone can be ascertained and check tests on various 
shipments should indicate any change in quality. In this case, tests for 
both quality and size can be made on the same sample. 

b. Where test is to be made for size only, it is recommended that a 
small set of screens and a pair of scales or some unit measure receptacle 
for measuring volume be used for field testing in order not to delay 
decision on the use of the material. Occasional check tests can be 
obtained from the laboratory to assure a fair degree of accuracy in field 
testing. 

8. Size of Samples——a. The sample of crushed stone for mechanical 
analysis shall weigh at least fifty times the weight of the largest piece 
therein. 

b. The sample for concrete test will depend on the kind of tests to be 
made and the number of specimens necessary. 


C. Sampling of Field Stone and Boulders 


9. For Quality—A detailed inspection of the deposits of field stone 
and boulders, over the area where the supply is to be obtained, shall be 
made. The different kinds of stone and its state of preservation in the 
various deposits shall be recorded. 

10. Separate Samples—Separate samples shall be taken of all stone 
of different classes that a visual inspection indicates, from state of 
preservation and degree of lamination, would be considered for use in 
construction. 

11. Record.—Records accompanying, samples of field stone and 
boulders, in addition to general information, shall contain the following: 

a. Location of Supply.—The plotting of the field stone and boulder 
area on a U. 8. topographic or a similar map is recommended for this 
purpose. 

b. Approximate Quantity Available—A fairly accurate estimate of 
amount of stone in fences can be made by measuring a cross-section and 
pacing the length. It is more difficult to estimate the amount of stone 
scattered on the ground, and ordinarily such deposits do not pay to work 
unless quite congested. 

c. Information regarding the percentage of different classes of stone 
which were sampled and the percentages of material which can be 
rejected by visual examination and may have to be handled and spoiled. 

This information regarding the percentages of different kinds of 
material can only be estimated and the degree of accuracy attained will 
depend almost entirely upon the experience and skill of the individual. 


II. Sampiine or Buast-FuRNACE SLAG 


12. For Size and Quality.—It is reeommended that blast-furnace slag 
be sampled for size and quality by the method specified for broken stone. 
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III. Sampiine or SAND AND GRAVEL 
A. Non-commercial Deposits 


13. Definition Non-commercial, as used here, includes all undevel- 
oped sand and gravel deposits and all developed deposits where the 
material is not washed or screened. 

14. Sampling.—a. The investigator should realize that few if any 
natural sand and gravel deposits are uniform, and when a sample is 
taken, the quantity of material in the deposit similar to the sample shall 
be ascertained as nearly as possible. 

b. Where possible, samples of sand shall be taken when it is in a 
damp condition. 

c. If the deposit is worked as a bank or pit and has an open face, the 
sample shall be taken by channeling the open face so as to represent 
material that visual inspection indicates could be used. Care shall be 
taken to eliminate any overburden or stripping at the top or any that 
has fallen along the face from the top. It is necessary, especially in 
small deposits, to excavate test pits some distance back of and parallel 
to the face to determine the extent of the supply. The number and 
depth of these pits depend on the quantity of material that is to be 
taken from the deposit. Separate samples shall be taken from the 
face of the bank and from test pits. These shall be well mixed in a 
composite sample and the sample for test obtained by the quartering 
method. 

d. Deposits that have no open face shall be sampled by means of test 
pits. The number and depth of these will depend on local conditions 
and the amount of material to be used from the source. A separate 
sample shall be taken from each pit, and where visual examination indi- 
cates no radical difference in size of grain, color, etc., these shall be well 
mixed in a composite sample and the sample for test obtained by the 
quartering method. Where visual inspection indicates a distinct dif- 
ference in material from different pits, separate samples shall be taken 
for the test. 

e. It is suggested that the colorimetric test be used for determining 
the percentage of organic material. 

15. Record.—In addition to the general information accompanying 
all samples from sand and gravel deposits not commercial sources, the 
same detailed information shall be supplied as with samples of stone 
taken from local ledges. . 


B. Commercial Sand and Gravel Plants 


16. Sampling for Quality —Samples of both sand and gravel from com- 
mercial screening or washing plants shall be taken from the bins or 
storage piles preferably while the material is being loaded from these 
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supplies. The sand and gravel shall be sampled as separate units and 
shipped as such. It is difficult to secure a representative sample from 
stock piles and bins, and if conditions require sampling from these 
sources, the following is recommended: Separate samples shall be taken 
from different parts of the stock pile, care being taken to avoid sampling 
a segregated area of coarse-grained material which is likely to exist at the 
base of the pile. Insampling from a bin, separate samples shall be taken 
from the top and the loading chute. At the latter place at least 44 cu. 
yd. of material shall be run off and representative samples taken from 
it. These separate samples shall be well mixed in a composite sample 
and the sample for test obtained by the quartering method. 

17. Sampling for Size——The size of sand and gravel will be affected 
by the same factors as broken stone, and the same inspection is neces- 
sary. In addition, the relative amount of water used in screening must 
be taken into consideration. 'The same procedure for taking a sample of 
broken stone for size is recommended for sampling sand and gravel for 
size, both at plant and at delivery. 

18. Sampling at Delivery —Where it is not practical to visit the plant, 
samples for both quality and size shall be taken from different parts of 
the car or boat during unloading. It is reeommemded that separate 
samples be taken from the top, middle, and bottom of the car or boat. 
These separate samples shall be well mixed in a composite sample and 
the sample for test obtained by the quartering method. 


C. Quantity of Sand and Gravel Samples 


19. Run of Bank.—Samples of run of bank (where the sand and gravel 
are combined) shall consist of at least 100 Ib. of material where the 
gravel content is 50 per cent or more of the whole. If the gravel is less 
in percentage, the sample shall be increased in proportion. For exam- 
ple, where the gravel percentage is 25 per cent of the whole, the sample 
should contain 200 lb. 

20. Sand.—Samples of sand shall contain at least 20 Ib. of material. 

21. Gravel.—Samples of gravel shall contain at least 50 Ib. of material. 

22. Sample for Concrete Test——The sample for concrete test will 


depend on the kind of tests to be made and the number of specimens 
necessary, 


IV. SaMpuina oF MIsceLLANEOUS MATERIALS 


23. Samples of slag sand, screenings, mine tailings, and all other 
materials used as a substitute for sand and gravel or broken stone shall 
be inspected in the same manner and samples taken in the same way as 
. the materials for which they are substituted. 
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V. Sampiine or Stonr Buiock 


24. Where Sampled—Samples shall be taken either at the quarry or 
from cars or boats as directed by the engineer. They shall be repre- 
sentative of the block which it is proposed to use, and no sample shall 
include blocks that would be rejected by visual inspection. 

25. Size of Sample.—The sample shall consist of at least six blocks 
and the bedding plane shall be marked on at least two of these. 


VI. GENERAL DIRECTIONS FOR SHIPPING AND MarkING SAMPLES 


26. Stone and Slag—Samples of ledge stone, crushed stone, and slag 
shall be shipped in a secure box or bag. 

27. Stone Block—Samples of stone block shall be securely crated. 

28. Gravel, Sand, Htc-—Samples of run-of-bank gravel, sand screen- 
ings, and other fine material shall be shipped in a tight box or closely 
woven bag so there shall be no loss of the finer particles. 

29. Marking—Each sample or separate container shall be accom- 
panied by a card or regular form, preferably in the container, giving 
the following information: by whom taken; official title or rank of the 
sampler; by whom submitted; source of supply; proposed use for the 
material; in case of commercial supplies, daily production; geographic 
location, shipping facilities (name of railroad, canal, or river, or other 
common carrier); and price of material. 


CHAPTER 15 
TESTING 


Testing is the process of determining certain facts or qualities 
about a material. Every material which is used in construction 
must have given qualities in order to do its part in the structure. 
Laboratory and field tests have been devised to determine these 
qualities in a comparatively short interval of time. In writing 
specifications for materials certain maximum or minimum limits 
must be set and these limits must have some relation to the 
actual needs for the material as used. 

The results of tests can frequently be varied by varying the 
method of doing the work. In order to prevent such deviations, 
specifications must be prescribed for the method to be followed in 
making each test. The American Society for Testing Materials 
has prepared methods of testing for practically all the tests com- 
monly used on concrete materials. These specifications are a 
great convenience to the engineer and because of their wide use 
make it possible for the manufacturers to supply a larger number 
of users. Even with the methods carefully specified, there are 
often wide variations in test results, many of which are caused by 
failure of the tester to observe all of the details. 

Importance of Temperature Control.—Much of the variation 
in strength test results is caused by changes in the temperature of 
the specimens during the curing period. Little appreciation has 
been had of the effect of small changes in temperature on the com- 
pressive strength of concrete or mortars. The A. S. T. M. spec- 
ifications covering the curing of laboratory test specimens per- 
mit a variation in the temperature of the curing room of 15°F. 
Tests by the author (see p. 173) indicate that for each degree 
change in temperature, the strength is effected 35 lb. per square 
inch, when the concrete is kept at 70°F. for the first 24 hours. 
Approximately 525 lb. per square inch variation is possible within 
the limits of the specifications. Often no attempt is made to 
control temperature and it is no wonder that the strength results 
vary considerably. Strength of briquets may also be effected 
by changes in temperature. 
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Tests on Materials.—Instructions for the performance of all 
the regular tests on portland cement and aggregates are given in 
detail beginning on page 241. 

Tests on Concrete.—Strength is the chief requirement for 
concrete and is also a good indication of its other qualities so 
that the only tests developed and used extensively are strength 
tests. There are two types of strength test known as the com- 
pression test and the beam test. In the former test, specimens 
in the form of cylinders are loaded in direct compression until 
failure occurs. In the beam test the concrete is molded into a 
beam and tested as such. 
Results are given in terms of 
the modulus of rupture. 

Each of the above tests has 
certain advantages and disad- 
vantages. The beam test is 
still comparatively new and is 
in the process of development. 
The compression test results 
are easily understood by the 
average person whether he be Fie. 105.—Test cylinders, before and 
an engineer or not. The val- after breaking. 
ues are equal to the total load 
divided by the area of the specimen. The apparatus required 
however, is expensive and can not be used in the field. The test 
specimens are small and can be handled conveniently by one 
person. The beam test results are not readily understood by the 
average person, which is a decided disadvantage. Theapparatus, 
however, is comparatively light and inexpensive. It can be 
taken to various jobs and the tests made in the presence of inter- 
ested parties. The specimens are large and can not always 
be handled by one person. The beam test has been developed 
by the state highway departments and is particularly applicable 
to pavement concrete. 


CoMPRESSION TESTS 


The American Society for Testing Materials has prepared 
methods for making concrete specimens, both in the field and in 
the laboratory. These methods are quoted in full and are much 
in detail, so that it seems unnecessary to give a discussion in 


addition. 
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SranpARD MeEtruop or MAKING AND STORING SPECIMENS OF 
CoNCRETE IN THE FIELD 


A. 8. T.M. Serial Designation C31-27 


1. Scope—This method is intended to apply to the molding and 
storing of test specimens of concrete sampled from concrete being used 
in construction. 

2. Size and Shape of Specimens.—The test specimens shall be cylin- 
drical in form with the length twice the diameter. The standard shall 


+ Fra. 106.—Testing concrete cylinders. Left, centering under spherical 
bearing block. Right, applying load, the amount being registered on the weigh- 
ing device at the right. 


be 6- by 12-in. cylinders where the coarse aggregate does not exceed 2 in. 
in size; for aggregates larger than 2 in., 8- by 16-in. cylinders shall be 
used; 2- by 4-in. cylinders may be used for mixtures without coarse 
aggregate. 

3. Molds.—(a) The molds shall be cylindrical in form, made of non- 
absorbent material, and shall be substantial enough to hold their. 
form during the molding of the test specimens. They shall not vary 
in diameter more than }¥¢ in. in any direction, nor shall they vary in 
height more than {, in. from the height required. They shall be 
substantially water tight so that there will be no leakage of water 
from the test specimen during molding. 


Norr.—The best type of mold consists of lengths of cold-drawn steel 
tubing, split along one element and closed by means of a circumferential 
band and bolt. Satisfactory molds can be made from lengths of steel 
water pipe machined on the inside, from rolled metal plates, from galvanized 
steel, machined iron or steel castings. Paraffined cardboard molds will give 
good results under expert supervision. 


(b) Each mold shall be provided with a base plate having a plane 
surface and made of non-absorbent material. This plate shall be 
large enough in diameter to properly support the mold without leak- 
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age. Plate glass or planed metal are satisfactory for this purpose. A 
similar plate should be provided for covering the top surface of the 
test specimen when molded. 

(c) Suggestions for suitable molds are shown in Figs. 107, 108 and 109. 

4. Sampling of Concrete—(a) Concrete for the test specimens shall 
be taken immediately after it has been placed in the work. All the 
concrete for each sample shall be taken from one place. A sufficient 
number of samples—each large enough to make one test specimen— 
shall be taken at different points so that the test specimens made 
from them will give a fair average of the concrete placed in that portion 
of the structure selected for tests. The location from which each 
sample is taken shall be noted clearly for future reference. 

(b) In securing samples, the concrete shall be taken from the mass 
by a shovel or similar implement and placed in a large pail or other 
receptacle, for transporting to the place of molding. Care shall be 
taken to see that each test specimen represents the total mixture of the 
concrete from a given place. Different samples shall not be mixed 
together but each sample shall make one specimen. 

5. Molding Test Specimens.—(a) The pails or other receptacles 
containing the samples of concrete shall be taken as quickly as possible 
to the place selected for molding test specimens. To offset segregation 
of the concrete occurring during transportation, each sample shall be 
dumped into a non-absorbent water-tight receptacle and, after slight 
mixing, immediately placed in the mold. 

(b) The test specimens shall be molded by placing the concrete 
in the mold in layers 3 to 4 in. in thickness. Each layer shall be puddled 
with 25 strokes with a 5g-in. rod 24 in. in length bullet pointed at the 
lower end. After puddling the top layer, the surface concrete shall be 
struck off with a trowel and covered with the top cover plate which 
may later be used in capping the test specimen. 

6. Capping Specimens.—Two to four hours after molding, the test 
specimens shall be capped with a thin layer of stiff neat-cement paste 
in order that the cylinder may present a smooth end for testing. The 
cap shall be formed by means of a piece of plate glass }4 in. in thickness 
or a machined metal plate 14 in. in thickness and of a diameter 2 or 3 in. 
larger than that of the mold. The plate shall be worked on the fresh 
cement paste until it rests on top of the mold. The cement for capping 
should be mixed to a stiff paste 2 to 4 hours before it is to be used in 
order to avoid the tendency of the cap to shrink. Adhesion of the 
concrete to the top and bottom plates may be avoided by oiling the 
plates or by inserting a sheet of paraffined paper. 

7. Removal of Specimens from Molds.—At the end of 48 hours the 
test specimens shall be removed from the molds and buried in damp 
sand except in case the molds shown in Fig. 109 are used, when they may 
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be buried in damp sand without removal of the mold, thus permitting 
shipping in the molds. 

; 8. Storage of Specimens.—(a) The test specimens shall remain buried 
in damp sand until 10 days prior to the date of test. They shall then 
be well packed in damp sand or wet shavings and shipped to the testing 
laboratory, where they shall be stored either in a moist room or in 
damp sand until the date of test. 
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(b) Should a 7-day test be required, the test specimens shall remain 
at the work as long as possible to harden and then shall be shipped so as 
to arrive at the laboratory in time for test on the required date. 

(c) Test specimens shall be protected from drying after removal 
from damp storage and before testing. 


STANDARD Mertruops or MAKING COMPRESSION TESTS OF 
CONCRETE 


A. S. T. M. Serial Designation C39-27 


1. Scope.—These methods are intended to cover compression tests of 
concrete made in a laboratory where accurate control of quantities 
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of materials and test conditions is possible. They are designed to 
apply primarily to hand-mixed concrete compression specimens, but 
may be used with slight modification in making tests of concrete for 
wearing resistance, bond between concrete and steel, impermeability, 
ete. The investigation of machine-mixed concrete will require certain 
obvious changes in the methods. For methods of conducting com- 
pression tests of concrete specimens made during the progress of con- 
struction work, see the Standard Method of Making and Storing 
Specimens of Concrete in the Field (Serial Designation C31) of the 
American Society for Testing Materials.t 

2. Preparation of Materials——Materials shall be brought to room 
temperature (18 to 24°C., 65 to 75°F.) before beginning the tests. 
Cement shall be stored in a dry place; preferably in covered metal cans. 
The cement shall be thoroughly mixed in advance, in order that the 
sample may be uniform throughout the tests. It shall be sieved 
through a No. 16 (1,190-micron) sieve and all lumps rejected. 
Aggregates shall be in a room-dry condition when used in concrete tests. 
In general, aggregates should be separated on the No. 4 (4,760-micron), 
3¢-in. and 114 in. sieves and recombined to the average original sieve 
analysis for each batch. Fine aggregate should be separated into 
different sizes also, in cases where unusual gradings are being studied. 

3. Sampling for Preliminary Tests——Representative samples of all 
concrete materials shall be secured for preliminary tests prior to the 
proportioning and mixing of the concrete. Cement test samples may 
be made up of a small quantity from each sack used in the concrete 
tests. Test samples of aggregates may be taken from larger lots 
by quartering. 

4, Cement Tests—Cement shall be tested in accordance with the 
methods described in the Standard Specifications and Tests for Portland 
Cement (Serial Designation C9) of the American Society for Test- 
ing Materials.! - 

5. Fine Aggregate Tests—Fine aggregates (passing through a No. 4 
(4,760-micron) sieve) shall be subjected, when required, to the following 
tests of the American Society for Testing Materials: 

(a) Sieve analysis test made in accordance with the Standard Method 
of Test for Sieve Analysis of Aggregates for Concrete (Serial Desig- 
nation C41).4 

(b) Test for organic impurities made in accordance with the Standard 
Method of Test for Organic Impurities in Sands for Concrete (Serial 
Designation C40).1 

(c) Test for quantity of silt, clay and dust made in accordance with 
the Tentative Method of Decantation Test for Sand and Other Fine 
Aggregates (Serial Designation D136-22T).? 


11927 Book of A. 8. T. M. Standards, Part IT. 
21927 Book of A. S. T. M. Tentative Standards. 
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(d) Test for unit weight made in accordance with the Standard 
Method of Test for Unit Weight of Aggregate for Concrete (Serial 
Designation C29).} 

(e) Strength test of 1:3 mortar by weight at 7 and 28 days in com- 
parison with standard sand mortar in accordance with Standard Specifi- 
cations and Tests for Portland Cement (Serial Designation C9).1 

6. Coarse Aggregate Tests —Coarse aggregates (retained on a No. 4 
(4,760-micron) sieve) shall be subjected when required to the following 
tests: 

(a) Sieve analysis test as specified in Sec. 5 (a); 

(6) Test for quantity of silt, clay and dust made in accordance with 
Standard Method of Test for Quantity of Clay and Silt in Gravel for 
' Highway Construction (Serial Designation D72) of the American 
Society for Testing Materials.! 

(c) Test for unit weight as specified in Sec. 5 (d). 

7. Mixed Aggregate Tests—The unit weight of mixed fine and coarse 
aggregates as used in concrete tests shall be determined in accordance 
with the method specified in Sec. 5 (d). 

8. Proportioning—The quantities of each size of aggregate to be 
used in each batch shall be determined on the basis of the sieve analysis 
and the unit weight of the mixed aggregate. The exact quantities of 
cement and of each size of aggregate for each batch shall be determined 
by weight. The quantity of water for each batch shall be accurately 
measured. The quantities of materials may be expressed as (a) 1 
volume of cement to ---- volumes of total aggregate mixed as used, or 
(b) 1 volume of cement, ---- volumes of fine aggregate, and ---- volumes 
of coarse aggregate, or (c) 1 part by weight of cement ---- parts by 
weight of fine aggregate, and ---- parts by weight of coarse aggregate. 


Norr.—lIt is impracticable to give a general method for proportioning 
concrete for experimental purposes; the details will necessarily vary widely 
with the purpose for which the tests are made. The following procedure 


is suggested for specific cases: 
(a) Vary the cement content by 10 per cent intervals above and below 


assumed quantity. 
(b) Vary the proportions of fine to coarse aggregate, measured separately, 


at intervals of 10 per cent. 
(c) Vary the quantity of mixing water by intervals of 10 per cent. 


9. Size and Shape of Specimens—Compression tests of concrete 
shall be made on cylinders of diameter equal to one-half the length. 
The standard shall be 6- by 12-in. cylinders where the coarse aggregate 
does not exceed 2-in. in size; for aggregates larger than 2 in., 8- by 
16-in. cylinders shall be used; 2- by 4-in. cylinders may be used for 
mixtures without coarse aggregate. 


11927 Book of A. S. T. M. Standards, Part II. 
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10. Mixing Concrete—(a) Concrete shall be mixed by hand in batches 
of such size as to leave a small quantity of concrete after molding a 
single test specimen. The batch shall preferably be mixed in a shallow 
metal pan with a 10-in. bricklayer’s trowel which has been blunted by 
cutting off about 214 in. of the point, as follows: 

(b) The cement and fine aggregate shall be mixed dry until the mixture 
is homogeneous in color; 

(c) The coarse aggregate shall be added and mixed dry; 

(d) Sufficient water shall be added to produce concrete of the required 
workability ; 

Norr.—Concrete tests should be made on plastic mixtures. It is of the 
utmost importance that a uniform degree of workability be secured in tests 
involving comparisons of different materials and methods. 


(e) The mass shall be mixed thoroughly until the resulting concrete 
is homogeneous in appearance. 

11. Workability—The workability or plasticity of each batch of 
concrete shall be measured immediately after mixing by one of the 
following methods: 

(a) Slump test made in accordance with the Tentative Method of 
Test for Consistency of Portland-Cement Concrete (Serial Designa- 
tion: D138-26T) of the American Society for Testing Materials. 

(b) Flow test made by placing a metal mold in the shape of a frustum 
of a cone 634 in. in top diameter, 10 in. in bottom diameter, 5 in. in 
depth, on the table of the flow apparatus.! The fresh concrete shall 
be placed in the mold in two layers. Each layer shall be puddled 
as described in Sec. 13. Immediately after molding, the surplus 
concrete shall be struck off with a trowel and the mold shall be removed 
by a steady upward pull; the table raised 144 in. and dropped 15 times 
in about 10 seconds by means of a suitable cam and crank. The spread 
of the fresh concrete due to this treatment expressed as a percentage 
of the original bottom diameter of the cone is the “flow.” 

12. Molds.—The molds shall preferably be of metal. Each mold 
shall be provided with a machined metal base plate, and shall be oiled 
with a heavy mineral oil before using. Particular care shall be taken to 
obtain tight molds so that the mixing water will not escape during 
molding. 


Norr.—The best type of mold consists of lengths of cold-drawn steel 
tubing, split along one element and closed by means of a circumferential 
band and bolt. Satisfactory molds can be made from lengths of steel water- 
pipe machined on the inside, from rolled metal plates, from galvanized steel, 


machined iron or steel castings. Paraffined cardboard molds will give good 
results under expert supervision. 


' For a description and illustration of one design for a flow-table, see Proc., 


Am. Soc. Testing Mats., Vol. XX, Part II, p. 242 (1920), and Concrete, 
June, 1920, p. 274. : 
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13. Molding Test Specimens——Concrete test specimens shall be 
molded by placing the fresh concrete in the mold in layers 3 to 4 in. in 
thickness. Each layer shall be puddled with 25 strokes with a 5¢-in. 
rod 24 in. in length, bullet pointed at the lower end. After the top 
layer has been puddled, the surplus concrete shall be struck off with a 
trowel, and the mold covered with a piece of plate glass at least 14 in. 
in thickness or a machined metal plate which will be used later in capping 
the test specimen. 

14. Capping Specimens—Two to four hours after molding, the test 
specimens shall be capped with a thin layer of stiff neat-cement paste 
in order that the cylinder may present a smooth end for testing. The 
cap shall be formed by means of a piece of plate glass 14 in. in thickness 
- or a machined metal plate 44 in. in thickness and of a diameter 2 or 3 in. 

larger than that of the mold. The plate shall be worked on the fresh 
cement paste until it rests on top of the mold. The cement for capping 
should be mixed to a stiff paste 2 to 4 hours before it is to be used in 
order to avoid the tendency of the cap to shrink. Adhesion of the 
concrete to the top and bottom plates may be avoided by oiling the 
plates or by inserting a sheet of paraffined paper. 

15. Curing Test Specimens.—Concrete test specimens shall be 
removed from the molds 20 to 48 hours after molding, marked, weighed 
and stored in damp sand, under damp cloths or in a moist chamber 
until the date of test. The temperature of the curing room should not 
fall outside the range of 18 to 24°C. (60 to 75°F.). 

16. Age at Test—Tests shall be made at the age of 7 and 28 days; 
ages of 3 months and 1 year are recommended, if longer-time tests 
are required. 

17. Sequence of Tests —Three to five test specimens should be made 
on different days in investigations in which accurate comparisons 
are desired. 

18. Preparation of Tests Compression tests shall be made immedi- 
ately upon removal of the concrete test specimens from the curing room; 
that is, the test specimens shall be loaded in a damp condition. The 
length and average diameter of the test specimen shall be measured in 
inches and hundredths; two diameters shall be measured at right angles 
near the mid-length. The test specimen shall be weighed immediately 
before testing. 

19. Method of Testing—In general, only the ultimate compressive 
strength of the cylinders need be observed. The metal bearing plates 
of the testing machine shall be placed in contact with the ends of the 
test specimen; cushioning materials shall not be used. An adjustable 
bearing block shall be used to transmit the load to the test specimen. 
The bearing block shall be used on top of the specimen in vertical 
testing machines. The diameter of the bearing block shall be the same 
or slightly larger than that of the test specimen. The upper or lower 
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section of the bearing block shall be kept in motion as the head of the 
testing machine is brought to a bearing on the test specimen. 

20. Application of Load.—The load shall be applied uniformly and 
without shock. The moving head of the testing machine should travel 
at the rate of about 0.05 in. per minute when the machine is running 
idle. 

21. Record of Tests —The total load indicated by the testing machine 
at failure of the test specimen shall be recorded and the unit compressive 
strength calculated in pounds per square inch, the area computed 
from the average diameter of the cylinder being used. The type of 
failure and appearance of the concrete shall be noted. 

22. Weight of Concrete-—The weight of the concrete in pounds per 
cubic foot shall be determined from the weight of the specimens and 
their dimensions. 

23. Density and Yield——Density and yield of concrete when required 
shall be calculated from the unit volumes of the constituent materials 
and the volume of the fresh or set concrete as desired. Density is here 
understood to be the ratio of solids in the concrete to the total volume of 
the mass. Yield is the volume of concrete resulting from the volume 
of aggregate mixed as used. 

24. Report——The report shall include the following: 

(a) The kind and origin of concrete materials; 

(6) Complete data on all tests of cement and aggregates; 

(c) A description of methods of making and testing the concrete, 
where methods deviate from the proposed standards; 

(d) The quantities of cement, aggregates and water in each batch; 

(e) The method of measuring workability or plasticity with “slump” 
or “‘flow”’ of concrete; 

(f) The quantity of water expressed as a ratio to volume of cement; 

(g) The age at test; 

(h) The size of test specimens; 

(t) The date of molding and testing each cylinder; 

(j) The compressive strength in pounds per square inch of each ~ 
test specimen and the average of tests in a set; 

(k) A description of failure and appearance of concrete on each test 
specimen ; 

(1) The unit weight, density and yield of the concrete. 


Bream Test 


The beam test is made on plain concrete and is intended to 
measure the strength of the concrete when used in such a manner. 
Practically all concrete pavements are designed as plain concrete 
which is not as strong in tension as it is compression. Whatever 
steel that is used is for the purpose of holding together the con- 
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crete on either side of a crack or joint. The weakest part of a 
pavement slab is at a corner formed by the intersection of edges, 
cracks, or joints. Because of warping, the slab is often up off 
the subgrade at the corner, which causes the concrete to function 
as a cantilever beam. 

The beam test was developed, therefore, to test pavement 
concrete because of its direct application. It also has the 
advantage, as previously mentioned, that it can be made in 
the field. The apparatus is light and can easily be moved about. 
Its cost is also low compared to that of the compression machine. 

Method of Loading.—The beams are being tested in cantilever 
in practically every instance. An extension arm is fastened on to 
the projecting portion so that the load necessary to cause failure 
is not large. As used, the extension arms are sufficiently long 
so that the loads need never exceed about 600 lb. The other 
method of testing is as a simple beam with the load applied either 
at the middle or third points. The method of loading seems to 
affect the results, the cantilever method giving the smaller 
values. 

The cantilever method has the advantage over the simple 
beam method in that more breaks can be secured per beam. 
Three to four breaks for the same length may be secured in canti- 
lever to one in a simple beam. 

Size of Beam.—Beams of various sizes are being used, but 
the 6 by 6-in. beam is the one most often used. Those larger 
than this size are too heavy to be handled conveniently and 
require larger loads to cause failure. A beam 6 in. deep and 4 in. 
wide has been tried with apparent success. The length will 
depend upon the number of breaks desired, the length of over- 
hang, and the number of men available for handling. A 12-in. 
overhang is usually necessary so that the length should be a 
multiple of 12 in. 

Making of Beams.—If beams are being made in the field the 
procedure outlined previously for compression tests should be 
followed as much as possible. The concrete should be repre- 
sentative of that being used, the compaction and the curing 
should be similar to that in use on the job. The beams should be 
tested at the ages desired. The tests are ordinarily made to 
determine when the slab is ready to use. In the summer with 
high air temperatures, the first breaks may be made at 2 or 3 
days, with subsequent breaks based on the first ones. After a 
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few tests have been made a fairly good estimate may be made 
of the strengths to be expected. 

Computations.—The computations necessary in connection 
with a cantilever test are given here. A knowledge of the prin- 


Fria. 110a.—One of the first models of the portable transverse testing machines. 


ciples of mechanics is necessary to their understanding. See 
Fig. 111. A concrete beam is fastened on to the support K 
so that it overhangs a distance 0. The weight of the over- 
hanging concrete is P,. An extension arm is placed on the 


Fia, 1100.—The Hercules portable transverse testing machine, 


extended concrete. The extension arm weighs P, and its center 
of gravity is m distance from the support K. A force P is 
applied at the end of the extension arm, which is a distance l from 
the support. 
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The forces tending to break the beam are: 
1. The overhanging concrete. 

2. The extension arm. 

3. The pull at the end of the extension arm. 


Fig. 110c.—Transverse testing machine designed by the Illinois Division of 
Highways and used first during construction season of 1928, 


Fia. 111.—Diagram of cantilever test apparatus. 


The moment of these forces about the support K are: 

fe 450. 

Deelea xe fit, 

aed aX. 6, 

(1) This moment is found by multiplying the weight of the 
overhanging concrete by one-half the length. (2) The weight 
and center of gravity of the extension arm and attachments must 
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be determined. The moment is found by multiplying the weight 
by the distance the center of gravity is from the support K. 
(3) The moment of the force applied at the end of the extension 
arm is equal to that force times the distance to the support K. 

The sum of these three moments is known as the ezternal 
moment and is equal to the internal moment which is resisting it. 
The internal moment is also equal to SI/c in which S is the stress 
in pounds per square inch at the extreme fibre, J is the moment of 
inertia of the section (1/12bd*), and c¢ is the distance from the 
extreme fiber to the neutral axis. Since the two moments are 
—equal, the external moment is also equal to SI/c, in which S is the 
only unknown. 
- Example.—Given: 

A & X 6in. beam with a 12-in. overhang. 

Weight of extension arm is 50 lb. 

Center of gravity of extension arm is 25 in. from support. 

Distance of force P from support is 48 in. 

Force P is 500 lb. 

What is the value of S? (This is the modulus of rupture in ease of failure.) 
External moments: 


1. Wit. x % ft. X 1 ft. X 150 Ib. per cubic foot X 6 in= 225 in.-lb. . 

225 Sine XO UD es, «tas A ee Oe treo = 1,250 in.-lb. 

37-48) intes<eb00, lots sucess echt Geet ee eee = 24,000 in.-lb. 
POtal is. ate disor Gams a cues caer eee trae eee 25,475 in.-lb. 


Moment of inertia: 
V4obd? = Wo X Gin. X 6 in.? = 108 in.4 
Distance from extreme fiber to neutral axis: 


44 X 6in. = 3in 
From the equation 
mu -* 
c 
4 
25475 inal: See 
3 in, 


S = 708 lb. per square inch 


The beam test has not been fully developed yet (1928). The 
view in Fig. 110a shows one of the first portable machines. It 
seemed that there was some restraint due to the method of 
applying the extension arm. The type shown in 110b was devel- 
oped to overcome the objection to the first one. The machine 
shown in Fig. 110¢ was developed by the Illinois Division of 
Highways following a thorough study of all the other types in 
use. One item that still needs attention is the horizontal distance 
between the points which hold the beam (d, in Fig. 111) and, also, 
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the horizontal distance between the support and the point of 
application of the load. These distances undoubtedly should be 
greater than the depth of the beam, in order to eliminate any 
shearing action. 

Relation between Beam and Compressive Strengths.—There 
is only a general relationship between beam and compressive 
strengths. Modulii of rupture are approximately 20 per cent of 
the compressive strength of corresponding test cylinders. For 
any given set of materials, beam and compressive strengths will 


Fig. 112—Making slump test. Left, molding. Right, measuring amount of 
slump. 


vary in the same way due to any of the factors which affect 
strength. Recent tests in New Jersey showed that for the 
materials used, the crushed stone concrete gave higher beam 
strengths than did pebble concrete for the same crushing 
strengths in cylinders. The crushed stone used was New Jersey 
trap rock, while the pebbles were unusually smooth. Limestone 
and ordinary pebbles do not show any differences in the beam test 
results for the same values of compressive strength. Until more 
information is secured, too much dependence should not be placed 
on the general ratio of 1:5 between beam and compressive 
strengths. 
ConsIsTENcY TESTS 


There are two consistency tests now in general use: the slump 
test and the flow test. The former may be used either in the 
laboratory or in the field, while the latter, because of the size of 
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the apparatus, is limited to laboratory use only. There is no 
direct relationship between the results of the two tests, so that the 
value for one test can not be estimated from the value for the 
other one. Both tests are limited in their use. The chief use 


Fra. 113.—Slump test specimens which have been allowed to harden and which 
may be kept on exhibit. 


for them is in the control of the amount of mixing water being 
used in the field. 

Flow Test.—The directions for the making of flow test are 
given in the Standard Methods of Making Compression Tests of 


Fre. 114.—Flow test. 


Left, concrete is molded in truncated cone on the top of the flow table. After the form is 


removed the table top is raised and lowered 15 times in 10 seconds by means of crank and 
cam. 


Right, concrete after the test. The diameter of the concrete is determined and the flow is 
expressed as a percentage in terms of the original diameter. 


Concrete, quoted previously in this chapter on page 230, and the 
reader is referred there for them. 

Slump Test.—The directions for making the slump test are 
those of the American Society for Testing Materials as given in 
their Tentative Method of Test for Consistency of Portland-Cement 
Concrete (Serial Designation D138-26T). | 
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TENTATIVE Metuop or Trst FoR CoNnsISTENCY OF 
PORTLAND-CEMENT CONCRETE 


Serial Designation D138-26T 


1. Scope—This test covers the method to be used both in the labora- 
tory and in the field for determining consistency of concrete.1 

2. Apparatus.—The test specimen shall be formed in a mold of 
No. 16 gage galvanized metal in the form of the lateral surface of the 
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Plan. 
Fig. 115.—Slump cone. 


frustrum of a cone with the base 8 in. in diameter, the upper surface 
4 in. in diameter, and the altitude 12 in. The base and the top shall be 
open and parallel to each other and at right angles to the axis of the 


1 This test is not considered applicable when there is a considerable amount 
of coarse aggregate over 2 in. in size in the concrete. The committee is now 
working on a method suitable for determining the consistency of concrete 


using aggregate over 2 in. in size. 
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cone. The mold shall be provided with foot pieces and handles as 
shown in Fig. 115. 

3. Sample—When the test is made at the mixer, the sample shall be 
taken from the pile of concrete immediately after the entire batch has 
been discharged. When testing concrete that has been hauled from a 
central mixing plant, the sample shall be taken from the concrete 
immediately after it has been dumped on the subgrade. 

4. Procedure——The mold shall be placed on a flat, non-absorbent 
surface, such as a smooth plank or a slab of concrete, and the operator 
shall hold the form firmly in place, while it is being filled, by standing 
on the foot pieces. The mold shall be filled to about one-fourth of its 
height with the concrete which shall then be puddled, using 25 strokes 
of a 5é-in. rod, 2 ft. long, bullet pointed at the lower end. The filling 
shall be completed in successive layers similar to the first and the top 
struck off so that the mold is exactly filled. The mold shall then be 
removed by being raised vertically, immediately after being filled. The 
molded concrete shall then be allowed to subside until quiescent and 
the height of the specimen measured. 

5. Slump.—The consistency shall be recorded in terms of inches of 
subsidence of the specimen during the test, which shall be known as 
the slump. 

Slump = 12 — inches of height after subsidence 


Questions 


1. Compare the beam and compression tests for concrete. 

2. What size of specimen is used for the compression test? What is 
the ratio between diameter and length? 

3. Describe the method of mixing concrete by hand. 

4. Describe slump test. In what terms is the slump value given? 

5. Describe flow test. Flow value is given in what terms? 

6. Describe method of capping cylinders. Why should a machined 
plate be used in preference to a piece of rolled plate? 

7. How may the concrete specimens be cured? What is the temperature 
range permitted? 

8. At what age is concrete usually tested? At what other ages are 
tests made? 

9. Why should the cylinders be tested while damp? 

10. Describe method of testing cylinders. 

11. What is the most common size (cross-section) of beam used? 

12. Concrete is being tested in the machine shown in the lower view of 
Fig. 110. The beam is 6- X 6 in. in cross section. The distance from the 
support to the dynamometer is 36 in. The concrete overhangs 10 in. 
The effect of the extension arm is equivalent to a pull of 25 Ib. on the dyna- 
mometer. Figure the modulus of rupture when the dynamometer reading 
is 400 lb. to cause failure. 


INSTRUCTIONS FOR THE PERFORMANCE OF 
LABORATORY TESTS 


On the following pages are given instructions for the perform- 
ance of the various tests on concrete materials and for a number 
of concrete research problems suitable for class work. The 
methods outlined are in accordance with those prescribed by 
the American Society for Testing Materials, except in cases where 
this society has not prepared standard or tentative standard 
methods. The method followed is indicated under the title in 
each case. 
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TEST NO. 1 


DETERMINATION OF SPECIFIC GRAVITY OF PORTLAND 
CEMENT! 


Outlined in accordance with A. S. T. M. specification, serial designation 
C9-21. This test was eliminated in the 1926 revision of the specification. 


Purpose 
1. To determine the weight per unit solid volume of the cement 


particles. Specific gravity should be distinguished from weight per 
unit of bulk volume. 


Apparatus 
Balance 
Le Chatelier flask 
Glass rod 6 to 8 in. long 

Materials 


Kerosene free from water 
Or benzene not lighter than 62°Bé. 


Method 

2. All equipment and materials should be at practically the same 
temperature before starting the test. For this purpose, 12 to 24 hours 
should be a sufficient length of time. 

3. Fill the flask with either liquid to a point on the stem between 0 and 
lec. Note the reading. 

4. Immerse the flask in water during the following operation. The 
temperature of the water should be at room temperature, which should 
be approximately 21°C. (70°F.). The variation in temperature should 
not exceed 0.5°C. during the test. 

5. It has been the experience of the writer that there is less difficulty 
when the immersion in water is omitted. The air temperature in the 
laboratory ordinarily does not change rapidly enough to cause any 
difficulty. Handling of the flask should be kept at a minimum. 

6. Introduce 64 g. of the cement into the flask slowly, being careful 
not to have any of the cement adhere to the inside of the flask above the 
liquid. Difficulty will be experienced as the liquid rises into the bulb 
and as the liquid just fills the bulb. Roll the flask in an inclined posi- 
tion to free air from the cement. After all the cement is in, the level of 
the liquid will rise to some division of the graduated neck. The differ- 
ence between the readings is the volume displaced by 64 g. of cement. 

7. Clean out the flask immediately upon the completion of the test. 
Do not use any water. Should any of the cement stick in the flask, it 
may be easily removed by heating in an oven at a temperature of 
approximately 100°C. 


1 Applicable to any hydraulic cement. 
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8. Testing an Ignited Sample.—In case the sample fails to pass as 
received, a retest may be made on an ignited sample. The sample may 
be ignited in a platinum crucible in either of the following ways: 
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Fig. 1.—Le Chatelier specific gravity flask. 


a. Place the platinum crucible in a hole in an asbestos board, clamped 
horizontally so that about three-fifths of the crucible projects below. 
Blast at a full red heat for 15 min. with an inclined flame. 
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b. Place the platinum crucible in a muffle furnace at any temperature 
between 900 and 1,000°C. for 15 min. 


Questions 


1. Of what value is the specific gravity test for portland cement? 
2. What was the old requirement in the standard specifications ? 
3. Considering a bag of cement as 1 cu. ft., what is the percentage of 
voids in cement? 
Data REecorp—Test No. 1 
Speciric Gravity oF Porrnanp CEMENT 


Material 


Date 


Air temperature 


Weight of cement used 


Initial reading of flask 


Final reading of flask 


Volume of cement particles 


Specific gravity 
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TEST NO. 2 
DETERMINATION OF FINENESS OF PORTLAND CEMENT 
A. 8. T. M. Serial Designation C'9-26 


Purpose 


1. To determine the fineness of grinding of a cement. This is meas- 
ured in terms of the percentage of the cement retained on a standard 200- 
mesh sieve. 

Apparatus 

Balance 

200-mesh sieve, pan, and cover 

Machine shaker 

Specifications for Apparatus 


2. Sieve-—Wire cloth for standard sieves for cement shall be woven 
(not twilled) from brass, bronze, or other suitable wire, and mounted 
without distortion on frames about 2 in. below the top of the frame. 
The joint between the cloth and frame shall be smoothly filled with 
solder to prevent lodging of the cement. The sieve frames shall be 
circular, approximately 8 in. in diameter, and may be provided with a 
pan and cover. 

A standard No. 200 sieve is one having nominally a 0.0029-in. opening, 
certified by the U. 8. Bureau of Standards, and conforming to the 
specifications for this sieve in the Standard Specifications for Sieves for 
Testing Purposes, serial designation E11, of the A. 8. T. M. The cor- 
rection to the sieving value of the sieve shall be determined by sieving 
tests made in conformity with the standard specifications for these tests 
on a standardized cement which gives a residue of about 20 per cent on 
the No. 200 sieve. 

3. Balance.—The balance should give results correct within 5 mg. and 
be sufficiently sensitive so that the rest point will be deflected at least two 
divisions of the scale for an added load of 5 mg. 


Method 


4. The specifications require hand shaking and permit machine shak- 
ing under one condition. Samples failing with machine testing must 
be retested by hand shaking before the shipment may be rejected. 
Machine shaking is becoming more and more general. The advantages 
are: (1) It is possible to run a large number of samples at one time; and 
(2) results of machine shaking are not so variable as the results of hand 
shaking. 

5. Preparation of the Sample-—Weigh out 50 g. of the cement to be 
tested. 
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6. Testing the Sample. Hand Shaking—Place the sample on the 
sieve with the pan in place. Cover and shake as follows: 

7. Hold the outfit in one hand in an inclined position. Move the 
hand with the sieve back and forth in an inclined direction, tapping 
the side of the sieve with the other hand on the up stroke at the rate of 
150 times per minute. Every twenty-fifth stroke turn the sieve one- 
sixth revolution. 

8. After several minutes of continuous shaking, weigh the cement 
inthe pan. For 1 min. more, shake the material remaining on the sieve. 
Determine the weight of material passing in the minute of shaking. Con- 
tinue shaking for 1-min. intervals and determine the weight passing each 
time until not more than 0.05 g. passes in 1 min. of continuous shaking. 

9. The percentage of residue on the sieve, when the point is reached 
where not more than 0.05 g. passes in 1 min. of continuous shaking, 
expresses the fineness of the cement. 

10. Machine Shaking.—Shake the sample of cement in the machine 
shaker for 15 min. Weigh the residue on the 200-mesh sieve. Do not 
use any washers, shot, or slugs on the sieve. Machine shaking may give 
results different from hand shaking. A correction factor should be 
determined for each machine and the length of shaking used. 

11. Retesting.—Should the cement as received fail to pass this test, 
retest, using a sample which has been dried for 1 hour at a temperature 
of 100°C. The retest result shall be used. Excessive humidity inter- 
feres with good sieving. It tends to decrease the percentage of cement 
passing the sieve and, in general, to produce irregular results. 


12. Nore.—Certain sieve manufacturers supply certified sieves with a 
correction factor determined by the U. 8S. Bureau of Standards, Washington, 
D. C. Sieves vary somewhat in the number and size of openings and will 
give different results even though they may come within the required 
specification. Sieves having a correction factor of more than 3 per cent 
should not be used. An occasional redetermination of the correction is 
desirable as an indication of the satisfactory condition of the sieve. 

For the benefit of those who wish to determine the correction factors of 
their sieves the Bureau of Standards furnishes samples of cement of standard 
fineness at 50 cts. each. These samples are mailed in sealed glass bottles 
containing about 160 g. of cement and are guaranteed to be within 0. 2 per 
cent of the true fineness as determined on the Bureau’s standard sieves. 
A more general use of standard fineness samples is recommended, not only 
for determining corrections to sieves, but also for checking the performance 
of operators and for preparing and standardizing auxiliary fineness samples 
for use in the laboratory.! 


1 From Laboratory Manual of Cement Testing, prepared by Committee C-1 
on Cement and accepted by the A. 8. T. M. for publication as informa- 
tion with the standard specifications. The manual is not a part of the 
specifications. 
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Questions 


1. What is the effect of additional fineness of grinding upon the com- 
pressive strength of mortar and concrete? 

2. What is the specification requirement for this test? If the cement 
fails to pass as received, what provision is made? 

3. How many openings per square inch in a 200-mesh sieve? 


Data REecorp—TeEst No. 2 


S ANA" 
FINENESS OF PoRTLAND CEMENT 12 “wv 


Material 


Date 


Air temperature 


Weight of sample used 
Method of shaking 


Weight retained on 200-mesh sieve 


Per cent retained 


TEST NO. 3 


DETERMINATION OF NORMAL CONSISTENCY OF PORTLAND 
CEMENT 


A. 8S. T. M. Serial Designation C9-26 : 


Purpose: * Rea 
1. To determine the proper amount of mixing water to make a cement 
paste of a given consistency. The cement paste is of normal consistency - 
when the Vicat needle penetrates 10 mm. in 30 sec.. In making the 
soundness and time-of-set tests, cement paste of normal consistency is 
used. In making the tension test the amount of mixing water used in 
making the mortar is based on the water required for normal consistency. 
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Apparatus 

Pan, beaker, trowel, graduate 

Vicat apparatus 

Conical ring 

Seconds clock or watch 

Balance 

Glass plate 10 cm. square 

Rubber gloves 

Specifications for Apparatus 

2. Vicat Apparatus—The Vicat apparatus consists of a frame A (Fig. 
1) bearing a movable rod B, weighing 300 g., one end C being 1 cm. in 
diameter for a distance of 6 cm., the other having a removable needle D, 
1 mm. in diameter, 6cm. long. The rod is reversible, can be held in any, 


Fig. 1.—Vicat apparatus. The rod B should be reversed for normal consist- 
ency determination. Needle C should be used. Needle D is for time of setting 
test. 


desired position by a screw /, and has, midway between the ends, a 
mark F' which moves under a scale (graduated to millimeters) attached 
to the frame A. The paste is held in a rigid conical ring, resting on a 
glass plate about 10 em. square. The ring shall be made of a non- ° 
corroding, non-absorbent material, and shall have an inside diameter of 
7 em. at the base and 6 cm. at the top, and a height of 4 cm. 
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Method! 


3. The determination of the proper amount of mixing water for 
normal consistency is a cut-and-try process, several trials ordinarily 
being necessary. The percentage of water for normal consistency of 
most cements lies between 21 and 28 per cent. The first trial should be 
made using 24 per cent. Other trials should be based on the first or 
subsequent trials. 

4. Occasionally a cement will be found which will stiffen considerably 
during the first few minutes in the ring. . Difficulty will then be experl- 
enced in securing a satisfactory result. 

5. The temperature of the room and materials should be 21°C. 
(70°F.), and must be maintained at that temperature within 3°C. (5°F.). 

6. Preparation of the Sample—Mix 500 g. of cement with 24 per cent 
by weight of water in the following manner: 

7. Place the cement on a non-absorbent surface, which has been 
moistened. Form a crater and pour the water into it. Turn the mate- 
rial on the outer edge toward the center with the trowel. 

8. During the following steps the hands should be protected with 
rubber gloves. After an interval of 14 min. for the absorption of the 
water, complete the operation by continuous vigorous mixing, squeezing, 
and kneading with the hands for at least 1 min. It is better to have the 
paste overmixed than undermixed. 

9. Form the paste quickly into a ball with the hands. Maintaining 
the hands about 6 in. apart, toss the ball six times from one hand to the 
other. 

10. In the following operation take care not to compress the paste. 
With the ball resting in the palm of one hand, press the paste into the 
larger end of the ring held in the other hand. Fill the ring completely 
with the paste. Remove the excess paste at the larger end by a single 
movement of the hand. Place the ring with the paste on a glass plate. 
Remove excess paste at smaller end by a single oblique stroke of the 
trowel held at a slight angle with the top of the ring. Smooth the top, 
‘if necessary, with a few light touches of the pointed end of the trowel. 
Do not puddle surface. 

11. Testing the Sample.—Test the sample imtuediataly a in the Vicat 
apparatus. Be sure that the plunger is clean and moves freely in the 
guides and that there are no vibrations. Place the sample under the 
plunger. The larger end should be down. Bring the plunger into 
contact with the surface of the paste. Release the plunger for 30 sec. 
and note the amount of settlement. 

12. The paste is of normal consistency when the plunger settles 10 
mm. in 380 sec. If the first trial does not give the desired 10-mm. pene- 


‘See manual of cement testing which is published by Committee C9, as a 
supplement, but not as a part of, the standard specifications and tests. 
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tration, repeat test using new batch of cement but with a different 
amount of mixing water. Repeat until the desired consistency is 
secured. 
Questions 

1. What items in the procedure in this test will affect the normal con- 
sistency result? 

2. What is the range of normal consistencies for most portland cements? 

3. Is this a test for quality of the cement? What is the purpose of the 
test? 

Data Recorp—Test No. 3 


Trst For NorMAL ConsIsTENCEY OF PORTLAND CEMENT 


Material 


Date 


Air temperature 


Weight of cement used 


Trial | Per cent water used 


No. 1 | Penetration 4 


72771. 


Trial | Per cent water used 


No. 2 | Penetration 


Trial | Per cent water used 


No. 3 | Penetration 


Trial | Per cent water used 


No. 4 | Penetration 


Trial | Per cent water used 


No. 5 | Penetration 


Normal consistency occurs at 
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TEST NO. 4 
DETERMINATION OF SOUNDNESS OF PORTLAND CEMENT 


A. 8. T. M. Serial Designation C9-26 
Purpose 
1. To determine whether a cement is sound or not. 


Apparatus 


Pan, beaker, trowel, and graduate 

Balance 

Glass plate 4 in. square 

Moist closet 

Steam bath 

Specifications for Apparatus 

2. Steam Bath—A steam apparatus, which can be maintained at a 

temperature between 98 and 100°C., or one similar to that shown in 


ge + 2 Steam) Vortec stil, 
% 
ee 


Elevations of Cover. 


= 


ie 


Flexible rubber Tube 


pe Finch: Cock 


Hard Solderonly ta bs used. 


Fia 1.—Apparatus for making soundness test of cement. 


Fig. 1, is recommended. The capacity of this apparatus may be 
increased by using a rack for holding the pats in a vertical or inclined 
position. 

3. Moist Closet—The moist closet may consist of a soapstone, slate or 
concrete box, or a wooden box lined with metal. The interior wall 
surfaces of all closets shall be covered with felt or broad wicking kept 
wet. The bottom of the moist closet shall be covered with water to a 
depth of at least 2 in. 
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Shrinkage Checking 


Distortion 


Shrinkage Disintegration 


¥iq. 2.—Typical failures in soundness test. 
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Method 


4. Preparation of the Specimen.i—Make up a paste of normal consist- 
ency, as described in the test for the determination of normal consist- 
ency, using 500 g. of cement. 

5. Mold on the glass plate a pat 3 in. in diameter and }4¢ in. thick at 
the center, and tapering out to a thin edge. In molding the pat, flatten 
the cement paste first on the glass plate and then form by drawing the 
trowel from the outer edge toward the center. The edge of the pat 
should be clearly defined on the glass plate. 

6. Place the pat immediately in the moist closet, where it is to remain 
for 24 hours. The pat should be marked for identification later on. 

7. Testing the Specimen.—At the end of 24 hours in the moist closet, 
place the pat in the steam bath for 5 hours. The temperature of the 
steam bath should be between 98 and 100°C. The pats should be 1 in. 
above the-water. 

8. Examine the pat. A sound cement will retain its shape with no 
distortion, cracking, checking, or disintegration. Pats improperly 
made or exposed to drying may develop what are known as shrinkage 
cracks within the first 24 hours and which are not an indication of 
unsoundness. These conditions are illustrated in Fig. 2. 

9. Retesting—The cement is first tested as it is received. If it fails 
to pass this test, a retest may be made on another sample taken any time 
within 28 days. If the retest result is satisfactory, the cement may be 
used. 

10. The provision for retesting appears only in A. 8. T. M. stand- 
ard, both old and new. The American Association of State Highway 
Officials have not included it in their specifications as given in Bulletin 
1216, of the U. 8. Department of Agriculture. 


Questions 


1. Describe the procedure in the performance of this test. 

2. What is likely to cause unsoundness in portland cement? 

3. Why is it necessary to keep the cement paste moist in this test while 
it is setting? 

4. What provision is made in the specification should the cement fail 
to pass as received? 


1The new A. 8. T. M. specifications C9-26 permit the use of the pat made 
for the time of setting test. 
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Data Recorp—Test No. 4 
DETERMINATION OF SOUNDNESS OF PorTLAND CEMENT 


Material 
Date 


255 


Air temperature 


Weight of cement used 


Weight of water used 


Time when mixed 


Time placed in moist closet 


Time placed in steam bath 


Time removed from steam bath 


Interval in moist closet 


Interval in steam bath 


Condition of pat 


If unsound, give evidences of unsoundness: 


TEST NO. 5 


DETERMINATION OF THE TIME OF SETTING OF PORTLAND 


CEMENT 


A. 8S. T. M. Serial Designation C9-26 


1. To determine the rate of setting of a neat cement paste. For 
purposes of testing, this is determined at two arbitrary points: the first 


known as initial set and the second as final set. 
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Apparatus 
Pan, beaker, trowel, and graduate 
Balance 
Moist closet 
Method A: 


Glass plate 4 in. square 

Gillmore needles 
Method B: 

Vicat apparatus 

Conical ring 

Glass plate 4 in. square 


Specifications for Apparatus 


2. Vicat Apparatus.—The Vicat apparatus used in this test isthe same 
as that prescribed for the test for the determination of normal consist- 
ency (see Fig. 1, Test No. 3). 

Gillmore Needles—The Gillmore needles should preferably be mounted 
as shown in Fig. 1, and the needle ends shall be maintained in a clean con- 
dition and shall be plane and at right 
angles to the axis of the rod. 

3. Moist Closet—The moist closet 
may consist of a soapstone, slate, or, 
concrete box, or a wooden box lined 
with metal. The interior wall sur- 
faces of all closets shall be covered 
with felt or broad wicking kept wet. 
The bottom of the moist closet shall 
be covered with water to a depth of 
at least 2 in. 


Method 


(b) 4. There are two methods for deter- 

Fie 1.—(a) Pat with top surface mining the time of setting. One uses 
sles Grdetiner a aly a a pat similar to the soundness pat, 
Pitihoen ie aise but flattened on top, and the Gillmore 
needles. The other uses a specimen 

molded in the conical ring, and the Vicat apparatus as in the determi- 


nation for normal consistency, but with a different diameter of needle. 


Method A with Gillmore Needles 


5. Preparation of the Specimen.—Prepare a paste of normal consist- 
ency, using 500 g. of cement. Note the clock time when mixing was 
started. Mold the pat similar to one for soundness test and then flatten 
the top with the trowel. An area 1 in. in diameter is sufficient. 
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6. Care of the Specimen.—Place the pat in moist closet immediately 
after molding. 

7. Testing the Specimen.—The cement has taken its initial set when 
the pat will bear, without appreciable indentation, the Gillmore needle 
V2 in. in diameter and loaded to weigh 4% lb. The final set has taken 
place when the pat will bear, without appreciable indentation, the Gill- 
more needle $44 in. in diameter and loaded to weigh 1 lb. The speci- 
fications provide that initial set shall not take place in less than 1 
hour, and the final set shall be within 10 hours. In order to tell whether 
the cement meets this specification, it is necessary to begin testing before 
1 hour. 

8. At the end of 45 min., make a first trial for initial set. Place the 
pat under the 14-lb. needle, bring the needle in contact with the surface 
of the pat, and release. If the needle penetrates into the pat, initial 
set has not taken place. Return the pat to the moist closet and repeat 
the test at intervals sufficiently close so that there may be no doubt 
about the result. The interval for the beginner ought not be greater 
than 10 min. nor less than 5 min. Repeat the test until initial set is 
determined. Note the clock time. The interval since mixing is known 
as initial set. 

9. For final set, use the 1-lb. needle. The intervals between trials 
should be based on the penetration ofthe needle. As the penetration 
becomes less, the interval should be shortened. The final set should 
‘occur within 10 hours. 


Method B with Vicat Apparatus 

10. Preparation of the Specimen.—Prepare a paste of normal consist- 
ency, using 500 g. of cement. Mold the paste in a ring as in the deter- 
mination of normal consistency. 

11. Care of the Specimen.—Place the specimen in a moist closet imme- 
diately after molding. 

12. Testing the Specimen.—Initial set occurs when the Vicat needle 
(smaller end) ceases to penetrate past a point 5 mm. above the glass 
upon which the paste is resting. This should not occur in less than 45 
min. Final set takes place when the needle does not penetrate the 
surface. This should take place within 10 hours. 

13. At the end of 35 min. remove the specimen from the moist closet. 
Place on the Vicat apparatus and bring the needle into contact with 
the surface of the paste. Release the plunger for 30 sec. Note the 
reading of the scale. Push the needle down to make contact with the 
glass and read the scale. When the difference is 5 mm., initial set has 
taken place. 

14. After a reasonable interval, try for final set. The exact interval 
will vary with different cements. From 1 to 114 hours is generally a safe 
length of interval before trying for final set after initial set has taken place. 
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Questions 
1. How is the rate of setting of portland cement controlled in the manu- 


facturing process? 
2. What are the specification requirements for this test? 
3. What is the difference in meaning of the two words “‘setting,” and 


‘‘hardening?” What is meant by a “fast-hardening cement?” 


Data Recorp—Tesst No. 5 
DETERMINATION OF TIME oF SETTING OF PoRTLAND CEMENT 


Material 


Date 


Air temperature 


Weight of cement used 


Weight of water used 


Clock time at beginning of mixing opera- 
tion 


Clock time 


Initial set 


Int 1 
Gillmore pea 


needles 


Clock time 


Final set 
Interval 


Clock time 


Initial set 
Interval 


Clock time 


Final set 


Interval 
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TEST NO. 6 
TENSION TESTS OF PORTLAND CEMENT 
A. S. T. M. Serial Designation C9-26 


Purpose 


1. To determine the tensile strength of the cement as measured by 
the strength of a mortar composed of the cement and standard Ottawa 
sand. The ages at testing are 7 and 28 days. 


Apparatus 


Pan, beaker, trowel, and graduate 

Balance 

Two three-gang briquet molds 

Three glass plates, approximately 3 X 12 in. 
Water storage tank 

Moist closet 

Briquet testing machine. 


Specifications for Apparatus 


2. Molds.—The form of test piece shown in Fig. 1 shall be used. The 
molds shall be made of non-corroding metal and have sufficient material 
in the sides to prevent spreading during molding. Gang molds, when 
used, shall be of the type shown in Fig. 2. Molds shall be oiled with a 
mineral oil. 

3. Testing Machine-—The machine shall be capable of weighing the 
' applied load within 0.5 per cent of the nominal value. The sensibility 
reciprocal (the weight required to be added to the load to move the beam 
from a horizontal position of equilibrium to a position of equilibrium at 
the top of the trig loop) shall not exceed 1 lb. at the full capacity of the 
machine or at any lesser load. The clips for holding the tension test 
pieces shall be in accordance with Fig. 3. 

4. Moist Closet—The moist closet may consist of a soapstone, slate, 
or concrete box, or a wooden box lined with metal. The interior wall 
surfaces of all closets shall be covered with felt or broad wicking kept 
wet. The bottom of the moist closet shall be covered with water to a 
depth of at least 2 in. 

Material 
Standard Ottawa Sand 

5. Specification for Material—The sand shall be natural sand from 
Ottawa, Illinois, screened to pass a No. 20 sieve and retained on a No. 30 
sieve. This sand may be obtained from the Ottawa Silica Company, 
Ottawa, Illinois. 
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This sand shall be considered standard when not more than 5 g. are 
retained on the No. 20 sieve, and not more than 5 g. pass the No. 30 
sieve, after 1 min. of continuous sieving of a 100-g. sample, in the manner 
specified for sieving cement on the No. 200 sieve. 


Fig. 2.—Gang mold. 


The Nos. 20 and 30 sieves shall conform to the requirements for these 
sieves as given in the ‘Standard Specifications for Sieves for Testing 
Purposes,” serial designation E11. 
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Method 


6. The specifications require that the reported tensile strength for 
either age shall be the average of at least three specimens. Results from 
specimens which are obviously faulty or results which vary more than 
15 per cent from the average of all specimens are not to be included. 
An experienced tester can ordinarily make a set of specimens which will 
test within a range of 10lb. The writer feels that if a set of specimens is 
made which does not agree within 15 per cent of the average of the set, 
the test should be repeated, rather than eliminate those without the 
range and use the average of the rest. Three specimens then should be 
sufficient. 


Fia. 4.—A type of briquet testing machine with the new style A. S. T. M. clips. 


7. Preparations of Specimens.—Clean the molds with a wire brush and 
oil them with a mineral oil. Place the molds on the glass plates. 

8. Mix a batch of 250 g. of cement and 750 g. of standard Ottawa 
sand. The method of mixing is the same as that given in the test for 
the determination of normal consistency. The percentage of water to 
be used is dependent upon the percentage of water necessary to produce 
a paste of normal consistency, and is taken from Table 1, Percentages of 
Water for Standard Mortars. The percentage given in the table is 
a as a percentage of the combined weight of the cement and 
sand. 

9. Mold the specimens immediately following mixing. The following 
method is that of the new A. 8. T. M. specification C9-26, and does not 
conflict with the former specification, C9-21. The new specification 
gives the procedure in greater detail. Fill the molds heaping full with- 
out compacting. Then press in the mortar firmly with the thumbs, 
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TaBLe 1.—PERCENTAGES oF WATER FoR STtanparp Morrars 


Percentage of Percentage of Percentage of Percentage of 
water for neat | water for 1 part || water for neat | water for 1 part 
cement paste of | cement, 3 parts || cement paste of | cement, 3 parts 
normal consist- | standard Ottawa || normal consist- | standard Ottawa 

ency sand ency sand 
15 9.0 23 10.3 
16 9.2 24 10.5 
igs 9.3 25 10.7 
18 9.5 26 10.8 
19 | 9.7 27 11.0 
20 9.8 28 1152 
21 10.0 29 11.3 
22 10.2 30 11.5 


applying pressure twelve times to each briquet, at points to include the 
entire surface. The pressure shall be such that the simultaneous appli- 
cation of both thumbs will register a pressure of between 15 and 20 lb. 
Each application of the thumbs shall be maintained no longer than is 
necessary to attain the specified pressure. Heap the mortar above the 
molds and smooth off with a trowel. The trowel shall be drawn over 
the mold in such a manner as to exert a pressure of not more than 4 lb. 
Turn the mold over upon a plane plate oiled with mineral oil, and repeat 
the operation of heaping, thumbing, and smoothing. Do not ram, or 
tamp, or trowel in excess of that required to smooth off the specimen. 

10. Care of Specimens.—Immediately following molding, place the 
specimens in the moist closet in such a way that the upper surface is 
exposed to the moist air. 

After 20 to 24 hours in the moist closet, remove the specimens from the 
moist closet and the molds, and store in a water tank until tested. The 
specifications provide that the temperature of the room, the materials, 
the mixing water, the air in the moist closet, and the water in the storage 
tanks shall be maintained as nearly as possible at 21°C. (70°F.), and with 
the exception of the first two must be maintained within 3°C. (5°F.) 
of that temperature. Temperature during curing affects the strength. 

11. Testing the Specimens.—At the end of 7 days, remove the speci- 
mens to be tested at 7 days and test immediately following removal. 
The bearing surfaces of the clips and briquets shall be free from sand 
or dirt, and the roller bearings shall be well oiled and maintained so as 
to insure freedom of turning. Center the briquets carefully in the 
clips and apply the load continuously at the rate of 600 Ib. per minute. 

12. Repeat the test at 28 days on the 28-day specimens. 
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Questions 


1. What are the specification requirements for this test? 
2. Describe briefly this test. 
3. What are the sieve requirements for the standard Ottawa sand? 
4. A cement fails to pass at 7 days but does pass at 28 days. What 
would you think about accepting it? 
Data Recorp—Test No. 6 
Tension Tests oF PoRTLAND CEMENT 


Material 


Date 


Air temperature 


Weight of cement used 


Weight of standard Ottawa sand used 


Weight of water used 


1 


2 


3 


Average 
Test results 


#4 t 


v 


A 
", 


2 


3 


Average 


7 days 


Specification 
requirements 


28 days 
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TEST NO. 7 


265 


COMPRESSION TESTS OF PORTLAND CEMENT 


A. S. T. M. Serial Designation C9-16T 


Purpose 


1. To determine the compressive strength of the cement as measured 
by the strength of a mortar composed of the cement and standard 


Ottawa sand. The ages at testing are 7 and 28 days. 


2. This test is not included in the standard tests and specifications. 
It was proposed as a tentative standard in 1916 but has never been 


adopted. There is some feeling that as a strength test, 
a compression test would be better than the tension 
test. 


Apparatus 


Pan, beaker, trowel, and graduate 
Balance 

Six cylinder molds 2 X 4 in. 
Twelve glass plates 244 in. square 
Water storage tank 

Compression testing machine 
Tamper 


Specifications for Apparatus 


3. Molds——The molds may be made of any non- 
corroding metal. The ends must be parallel and the 
tubing shall be of sufficient thickness to prevent appre- 
ciable distortion. 

4. Tamper.—The tamper shall be made of steel to 
the dimensions shown in Fig. 1. 

5. Testing Machine.—Any testing machine may be 
used which meets the following requirement: The 
moving head of the testing machine shall travel at a 
rate of not less than 0.05 nor more than 0.10 in. per 
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Approximate 
weight 34 Ib. 


Fig. 1.— Details 
of tamper. 


minute. The diameter of the spherical bearing block should be only 


a little greater than the diameter of the cylinder. 


Material 


Standard Ottawa sand meeting the requirements given for that 


material in tension-test specification. 
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Method 


6. The procedure in this test runs parallel to that given in the tension 
test. Frequent reference will be made to the tension test. 

7. Preparation of Specimens.—Prepare a standard mortar as given in 
the tension test. Either three 1,000-g. batches or one 3,000-g. batch may 
be prepared. 

8. Clean and oil the molds. Place the mold on a smooth surface, 
preferably a piece of plate glass. 

9. Mold the specimens immediately following the mixing. Place the 
mortar in the molds in layers approximately 1 in. thick. Tamp each 
layer with the steel tamper. Finish the test piece by heaping the mortar 
above the mold and smoothing off with a trowel. As soon as the cylin- 
ders from any batch are completed, cover with a piece of plate glass. 
Press the glass firmly against the fresh mortar. 

10. Care of the Specimen.—At the end of 24 hours, remove the molds 
and place the cylinders in water in storage tanks. The water should be 
at a temperature of 21°C. (70°F.). 

11. Testing the Specimens—At 7 days remove the cylinders to be 
tested at 7 days and test immediately. The ends of the cylinders must 
be smooth, plane surfaces. The metal bearing plates of the testing 
machine must come in direct contact with the ends of the cylinder. 
Center the cylinder in the testing machine. Place the spherical bearing 
block on top of the cylinder. Determine the total load to crush the 
cylinder and then compute the load in pounds per square inch. 

12. Repeat the test on the remaining cylinders at 28 days. 

13. The reported result must be the average of at least three cylinders 
whose strength does not vary more than 15 per cent from the average of 
all cylinders tested at the same age. 


Questions 


1. Why does the compression test appear to be better than the tension 
test? Is there a constant relation between tension and compression results? 

2. What effect would variations in temperature of the water in the 
storage tank have upon the test results? 

3. What effect would a poor end condition have upon the test results? 

4, What effect does the amount of tamping have upon the test results? 

5. How many test pieces must be used in this test? 
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TEST NO. 8 


STANDARD METHOD OF TEST FOR DETERMINATION OF 
APPARENT SPECIFIC GRAVITY OF SAND, STONE, AND 
SLAG SCREENINGS, AND OTHER FINE NON- 
BITUMINOUS HIGHWAY MATERIALS 


A. S. T. M. Serial Designation D55-25 


Purpose 


1. To determine the apparent specific gravity of sand, stone, and 
slag screenings, and other fine non-bituminous highway materials. 
2. Le Chatelier and Jackson tests are equally suited and may be 
considered as alternates. 
Le Chatelier Test 


3. The procedure here is identical with that outlined for the deter- 
mination of the specific gravity of Portland cement, except that the 
sample shall weigh between 50 and 64 g., depending upon the specific 
gravity of the material, and that either water or kerosene may be used 
as the liquid. A 55-g. sample will work for practically any material 
commonly used for fine aggregate. 

4. The specification D55-25 does not call for dry sand in the Le 
Chatelier test but does in the Jackson test. For the Le Chatelier Test, 
however, the sample of sand should be dried to a constant weight at a 
temperature not to exceed 110°C., in the oven. 


Jackson Test 
Apparatus 
Jackson specific gravity apparatus 
Drying oven (to operate between 100 and 110°C.) 
Balance (sensitive to 0.1 g.) 
Thermometer (reading ordinary air temperatures) 


Specifications for Apparatus 


5. Jackson Specific Gravity Apparatus—The Jackson specific gravity 
apparatus (illustrated in Fig. 1) shall consist of a burette, with gradua- 
tions reading to 0.02 in specific gravity about 28 em. (11 in.). in length 
and with an inside diameter of about 0.7 em. (0.3 in.), which shall be 
connected with a glass bulb approximately 13 em. (51< in.) in length 
and 4.5 em. (1.75 in.) in diameter, the glass bulb being of such size that 
from a mark on the neck above the bulb to the top graduation on the 
burette, the capacity shall be such that the graduations shall read 
directly the specific gravity when 50 g. of the materials are used; and an 
Erlenmeyer flask, which shall contain a hollow ground-glass stopper 
having a neck of approximately 6- to 8-mm. bore, and which shall have 
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a capacity of exactly 200 cc. up to the graduation on the neck of the 
stopper. 


Method 


6. Preparation of the Sample.—Weigh out 55 g. of material to be 
tested. Dry to a constant weight, at a temperature not exceeding 
110°C. Weigh out 50 g. of the dry 
material to 0.1 g. 

7. Testing the Sample——Clean and 
dry the unstoppered Erlenmeyer 
flask. Pour the 50-g. sample into 
the flask. 

8. Fill the bulb and burette with 
kerosene. Take the temperature of 
the kerosene by introducing a ther- 
mometer through the neck. Remove 
the thermometer and fill the bulb 
exactly to the mark on the neck. 

9. Run into the flask about one- 
half the kerosene in the bulb, taking 
care toremove any air bubbles. Run 
more kerosene into the flask, remov- 
ing any material adhering to the neck 
of the flask. At this point the kero- 
sene should be just below the ground- 
glass neck. 

10. Place the hollow ground-glass 
stopper into position and turn it to 
fit tightly. Run in kerosene exactly 
to the 200-ce. point, taking care to 
remove all air bubbles in the flask. 

11. Read the specific gravity as 
indicated on the graduated burette. 
Take the temperature of the oil in 
the flask and determine the differ- 
ence between this reading and the 
temperature previously taken of the 
oil in the bulb. 

12. Make a temperature correc- 
tion to the reading of the specific 
gravity in accordance with the table 
furnished by the manufacturer of 
the apparatus, adding the correction if the temperature of the kerosene 
has increased and subtracting it if the temperature of the kerosene has 


decreased. 


Fiqg. 1.—Jackson specific gravity 
apparatus. 
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Questions 
Specific gravity questions follow test No. 9. 


Data Recorp—Test No. 8 


DETERMINATION OF APPARENT SPECIFIC GRAVITY OF SAND, STONE, AND 
Stag ScREENINGS, AND OTHER Fine Non-situminous HicHway 
MatTERIALS 


Le Chatelier Test 


Material 


Date 


Air temperature 


Weight of material used 


Initial reading of flask 


Final reading of flask 


Volume of particles 


Specific gravity 


Jackson Test 


Material 


Date 


Air temperature 


Weight of material used 


Temperature of oil in bulb 


Specific gravity as read on the burette 


Temperature correction 


Temperature of oil in flask | 


Corrected specific gravity 
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TEST NO. 9 
DETERMINATION OF APPARENT SPECIFIC GRAVITY OF COARSE 
AGGREGATES 
A. 8S. T. M. Serial Designation D30-18 
Purpose 


1. To determine the apparent specific gravity of coarse aggregates. 
Apparent specific gravity includes the voids in the specimen and is 
therefore always less than or equal to, but never greater than, the true 
specific gravity. 

Apparatus 

Balance (sensitive to 0.5 g.) 

Drying oven (to operate between 100 and 110°C.) 

Wire basket 

4g- or 114-in. screen 

Specifications for Apparatus 

2. Wire Basket.—The wire basket should be made of approximately 

14-in. mesh and be about 5 in. square and 4 in. deep. 


Method 

3. Weigh out 1,000 g. of coarse aggregate which is retained on a 14-in. 
sereen. The pieces should be approximately cubical or spherical in 
shape. In the case of a homogeneous material, the smallest particles 
may be retained on a 114-in. screen. 

4. Dry sample to a constant weight at a temperature between 100 
and 110°C. Weigh to the nearest 0.5 g. Record this weight as A. 

5. Immerse sample in water for 24 hours. Surface dry individual 
pieces with the aid of a towel or blotting paper. Weigh. Record this 
weight as B. 

6. Suspend in water the wire basket from the center of a scale pan. 
Determine the weight of the basket immersed in water. 

7. Place the sample of saturated coarse aggregate in the basket sus- 
pended in water. Weigh. Record the weight of the coarse aggregate 
immersed as C. (Do not include the weight of the basket immersed.) 


Apparent specific gravity = BC 


Questions 
1. Why is a specific gravity requirement rarely ever included in a set of 


specifications? ; 
2. How does the specific gravity of a trap rock compare with the specific 


gravity of limestone? , 
3. An aggregate weighing 112.3 Ib. per cubic foot has 32 per cent voids in 


it. What is the specific gravity? 
4. Are there any voids in the particles themselves? How may this 


volume be determined? 
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Data Recorp—Test No. 9 
DETERMINATION OF APPARENT SPECIFIC GRAVITY OF CoaRsE AGGREGATE 


Material 


Date 


= 
Weight of material (A) 2a0 r, 
, AIT S? 


Weight of material (B) 


Weight of basket immersed 


Weight of material and basket immersed | 


Weight of aggregate immersed (C) 


Specific gravity 


TEST NO. 10 


TENTATIVE METHOD OF TEST FOR FIELD DETERMINATION 
OF APPROXIMATE SPECIFIC GRAVITY OF FINE AGGREGATE 


A.S. T. M. Serial Designation C68-28T 
\ Object 
1. To determine the approximate apparent specific gravity of fine 


aggregate. 
Apparatus 


1 balance (2 kg. capacity, sensitiveness 0.5). 

1 graduated flask for field testing of fine aggregate (Fig. 1). The 
range of use of this flask is from dry sand of 2.8 sp. gr. to sand of 2.2 
sp. gr. having 10 per cent moisture. 
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Method 


2. Selection of Sample—Select a 1-kg. sample which shall be as 
representative as possible of the fine aggregate. Spread sample out ona 
flat surface and permit to air dry until the surface moisture has evap- 
orated and the material is free flowing. Mix thoroughly and weigh 
out 500-g. sample. 


aT 


ao 
° 


gs 


Volume of lower chamber tamark 
on lower neck= 200 ce. 


Combined volume of lower and . 
upper chambers to lower end of 
graduated Scale on upper neck 

= 3/5 ce. 


Scale graduated in Ice. divisions 
from 375 ce. to 450 ce 
Diameter of opening in lower 
neck, approximately 2. 
Diameter of bore of graduated 
upper neck, approximately 2. 
Diameter of base,approximate- 
ly 4 a“ 

Diameter of funnel, approxi- 
mately 13" 


Fie. 1.—Flask. 


3. Testing.—Fill the flask to the 200-cc. mark on the lower neck with 
water at room temperature. Pour into the flask slowly the 500-g. 
sample of fine aggregate agitating contents to free any entrained air. 
Read the combined volume in cubic centimeters on the scale on the 


upper neck of the flask. 
4. Computations—The approximate apparent specific gravity may be 


calculated from the formula: oe 
Approximate apparent specific = 7 — 200 
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where V = the combined volume in cubic centimeters of the water 
and fine aggregate in the flask. 

5. Accuracy.—Duplicate determinations should check to within 
0.05. Variations in the amount of water evaporated from the moist 
sample as described in Sec. 2 beyond the point at which the surface 
moisture has disappeared and the sample is free flowing and apparently 
dry will cause variations in results of from 0.5 to 1 per cent depending 
upon the absorption of the aggregate. 


Data Recorp—Test No. 10 


_Fretp DeErerRMINATION OF APPROXIMATE SPECIFIC GRAVITY OF FINE 
AGGREGATE 


Material 


Date 


Weight of sample, g. 


Initial reading flask, cc. 


Combined volume, cc. 


Volume aggregate, cc. 


Specific gravity 
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TEST NO. 11 


DETERMINATION OF UNIT WEIGHT OF AGGREGATE FOR CON- 
CRETE 


A. 8S. T. M. Serial Designation C29-27 


Purpose 
1. To determine the weight per unit bulk volume for a fine aggregate, 
a coarse aggregate, or a combination of the two. Weight per unit bulk 
volume should be distinguished from specific gravity. 


Apparatus 
Set of measures 
Balance 
Tamping rod 
Shovel or small scoop 


Specifications for Apparatus 

2. Set of Measures.—The measure shall be of metal, preferably 
machined to accurate dimensions on the inside, cylindrical in form, 
water tight, and of sufficient rigidity to retain its form under rough 
usage, with top and bottom true and even, and preferably provided 
with handles. 

3. The measures shall be of 149-, 14-, or 1-cu. ft. capacity, depending 
on the maximum diameter of the coarsest particles in the aggregate, and 
shall be of the following dimensions: : 


Capacity,| Inside Inside | Minimum thickness | Diameter largest 
cubic |diameter,| height, of metal, U.S. particles aggregate, 
feet inches inches gage number inches 
Yo 6.00 6.10 11 under 4 
yy 10.00 11.00 8 under 144 
1 14.00 11,23 5 over 14 


4. The measure shall be calibrated by accurately determining the 
weight of water at 16.7°C. (62°F.) required to fill it. The factor for any 
unit shall be obtained by dividing the unit weight of water at 16.7°C. 
(62°F.) (62.355 lb. per cu. ft.) by the weight of water at 16.7°C. (62°F.) 
required to fill the measure. 

5. Balance.—The balance should be sensitive to 0.5 per cent of the 
weight of the sample to be weighed. 

6. Tamping Rod.—The tamping rod shall be a straight metal rod 5 
in. in diameter and 24 in. long, with one end tapered for a distance of 1 


in. to a blunt builet-shape point. 
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Method 


7. For aggregate whose maximum diameter is }4 in. or less, use the 
Vy o-cu. ft. measure. 

8. For aggregate whose maximum diameter is over }4 in. and under 
114 in., use the 14-cu. ft. measure. 

9. For aggregate whose maximum diameter is over 114 in., use the 
1-cu. ft. measure. 

10. The sample of aggregate should be room dry and thoroughly 
mixed. 

11. Fill the measure one-third full of aggregate. Level off with the 
fingers, tamp the aggregate with the pointed end of the tamper 25 times, 
evenly distributed over the surface. Do not forcibly strike the bottom 
with the tamper. 

12. Fill now two-thirds full, level off, and tamp this layer in the 
manner prescribed for the first one-third. The rod should penetrate 
only the second layer. 

13. Fill the measure full to overflowing. amp as for the second 
layer. Strike off the surplus with the tamping rod. 

14. Determine the net weight of the aggregate in the container. 
Obtain the unit weight of the aggregate by multiplying the net weight 
of the aggregate by the factor found as described in Par. 4. Results 
with the same sample should check within 1 per cent. 

15. Specific Weight—It is frequently convenient to know the rela- 
tionship between the weight of a material and the weight of an equiva- 
lent volume of water. When the volume is the solid volume of the 
particles, it is known as specific gravity. The relationship between 
the weight of a material and the weight of a volume of water equal to 
the bulk volume of'a granular material might be termed the specific 
weight. 


Questions 


1. Why is it important that the amount of compaction be uniform from 
test to test? 

2. Is the percentage of voids increasing or decreasing as the weight per 
unit volume increases and the specific gravity remains constant? 

3. Will the weight per cubic foot of a sand with 6 per cent moisture in it 
be more or less than the weight per cubic foot of the same sand, dry? Why? 
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Data Recorp—Trstr No. 11 
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DETERMINATION OF THE EFFECT OF MOISTURE CONTENT AND 
INUNDATION UPON THE BULK VOLUME OF FINE AGGREGATE 


Object 


1. To determine of the effect of moisture content and inundation 
upon the bulk volume of fine aggregate, for any given gradation. 


Apparatus 
Balance (100-g. capacity) 
500-cc. graduate 
250-cc. graduate or burette 
Small pan, beaker and trowel 
Mixing pan 
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Method 


2. Bulk volume of sand is quite variable. Factors affecting bulk 
volume are: amount of compaction, gradation, and moisture content. 
Gradation may be kept constant and the moisture content varied at 
will, but the item of compaction is not so simple. The percentages of 
bulking depend to some extent upon the amount of compaction given 
the dry sand. Sand poured loosely into a container has the greatest 
volume and the volume decreases as the count of compacting effort 
increases. Since most specifications now call for fine aggregate to be 
measured on the basis of loose and dry condition, it is suggested that 
the percentage of bulking be computed on the basis of loose dry sand. 

3. Determination of Quantities—Place sand in the 500-cc. graduate 
until filled to the 300-cc. mark. Pour into small pan and weigh. For 
each succeeding batch weigh out the same amount of sand as just 
determined. 

4. Inundation.—One of the methods now in use in the measurement 
of fine aggregate is to measure it under water. Pour into the 500-ce. 
graduate approximately 100 cc. of water. Introduce the sand now 
slowly. The level of water should always be above the sand. If the 
original amount of water is not sufficient, add more. Read the volume 
of the sand. This is known as the inundated volume. Compare it 
with the volume of the loose dry sand. 

5. Bulking Tests—Weigh out the amount of aggregate as determined 
in Sec. 3. Mix this with 2 per cent of its weight of water. The mixing 
should be done in the mixing pan with a trowel. As soon as the mixing 
is complete, place the sand in the 500-cc. graduate and note its volume. 
This is known as the bulked volume for 2 per cent of moisture. 

Remove moist sand from graduate and determine inundated volume 
as described in See. 4. 

Make bulked and inundated volume determinations for other per- 
centages of moisture. Other percentages suggested are 4, 6, 8, 10, 
and 15. 

6. Curves.—On a sheet of 20-in. coordinate paper plot bulked and 
inundated volumes against moisture content. 


Questions 
1. Which moisture content gives maximum bulking? How much 
bulking? 


2. How do the inundated volumes compare with the dry volume? What 
factors may affect these values? 


3. Are the inundated volumes uniform regardless of the amount of mois- 
ture in the sand? 


4. Is inundation a satisfactory way of securing uniform amounts of fine 
aggregate from batch to batch? 
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Dara Recorp—Trst No. 12 


DETERMINATION OF Errect or MorsturE Conrent AND INUNDATION UPON 
Butk VoLtuMsE or Fing AGGREGATE 
Material & of 


Dry sand used: Volume_.= 2, ce . _Weight__~- ¢ 6g 


Moisture Bulked volumes Inundated volumes 


Volume, Volume, 


Percent- Weight, 
age grams 


Percent- 
age! 


Percent- 


cubic : cubic 
age 


centimeters centimeters 
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TEST NO. 13 
STANDARD METHOD OF TEST FOR 
DETERMINATION OF VOIDS IN FINE AGGREGATE FOR CONCRETE 


A. 8S. T. M. Serial Designation C30-22 


Purpose 


1. To determine the percentage of voids in a fine aggregate. 


Apparatus 


2. No apparatus is necessary. Determinations of the specific gravity 
and the weight per unit bulk volume, however, must be made first. 


Method 


3. The voids in the fine aggregate for cement concrete are determined 
by the formula: 
(specifie gravity X 62.355) — weight % 100 

specifie gravity X 62.355 

in which “specific gravity’’ represents the apparent specific gravity of 
the fine aggregate as determined by the test for apparent specific gravity, 
D55-25, and ‘‘weight”’ represents the weight in pounds per cubic foot 
of the fine aggregate as determined by the test for unit weight of aggre- 
gate for concrete, C29-21. The quantity 62.355 is the weight in pounds 
of 1 cu. ft. of water at the standard temperature of 16.7° C. (62°F.). 

4. When the weight per unit volume is in the metric system, the © 
percentage of voids is figured in the following manner: 


Percentage of voids = 


specific gravity — weight per unit volume 


Percentage of voids = specific gravity 


Norr.—This procedure is equally applicable to coarse aggregates as well 
as fine aggregates. 


Questions 


1. What factors affect the percentage of voids in a material? 

2. Why is it desirable to have the voids in an aggregate at a minimum? 

3. Mix 1,000 g. of a sand of a specific gravity of 2.65 with 2,000 g. of 
crushed trap rock of a specific gravity of 2.85. The mixture has a volume 
of 1,500 cc. What is the percentage of voids? 
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DETERMINATION OF VoIps IN Fring AGGREGATE FOR CONCRETE 


Material 


Date 


Specific gravity 


62.355 X specific gravity 


Weight per cubic foot 


Difference 


Percentage of voids 
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TEST NO. 14 


TENTATIVE METHOD OF TEST FOR FIELD DETERMINATION OF 
APPROXIMATE PERCENTAGE OF VOIDS IN FINE AGGREGATE . 


A. S. T. M. Serial Designation C69-28T 
Object 


1. To determine the approximate percentage of voids in fine aggre- 
gate when inundated with water. 


Apparatus 


1 balance (2-kg. capacity and sensitive to 0.5 g.) 
1 graduated flask for field testing of fine aggregate (see Fig. 1, Test 


No. 10) 
Method 


2. Selection of Sample——Select a 2-kg. sample which shall be as 
representative as possible of the fine aggregate. Spread sample out 
on a flat surface and permit to air dry until the surface moisture has 
evaporated and the material is free flowing. 

3. Testing—Weigh the flask. Place about 100 cc. of water in the 
flask. Do not agitate the aggregate in the flask during or after the 
filling operation. Introduce slowly aggregate from the room-dry 
sample until the flask is filled to the 400-cc. mark. Add water as 
required to keep the aggregate inundated as the filling proceeds. When 
the flask is filled to the 400-cc. mark, both the water and aggregate 
should be at the same level. Determine weight of the contents of the 
flask to the nearest gram. 

4. Computations—The approximate percentage of voids in the 
inundated fine aggregate may be calculated from the formula: 


400 X specific gravity — W 
400(specific gravity — 1) 


Y= xX 100 
in which 
V = the approximate percentage of voids. 
Specific gravity = apparent specific gravity of the fine aggregate. 
W = combined weight in grams of 400 ec. of water and 
fine aggregate in the flask. 


If the approximate apparent specific gravity is not known determine 
as outlined in Test No. 10. 

5. Accuracy.—Duplicate determinations should check within 1 per 
cent. Variations in the composition of the rock grains of the fine 
aggregate which result in variations in 0.5 in the approximate apparent 
specific gravity of the aggregate will cause an inaccuracy in results 
equal to from 2 to 3 per cent of voids. 
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Data Recorp—Tesst No. 14 


FieLD DETERMINATION oF APPROXIMATE PERCENTAGE OF VoIDs IN FINE 
AGGREGATE 


Material 


Date 


Specific gravity! 


Weight of flask, g. 


Weight of flask and contents, g. 


‘Combined volume of contents, cc. 4 ‘) 2) 


Percentage of voids 


1 Determined in Test No. 10. 
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TEST NO. 15 


TENTATIVE METHOD OF TEST FOR FIELD DETERMINATION 
OF SURFACE MOISTURE IN FINE AGGREGATE 


A. S. T. M. Serial Designation C70-28T 


Object 


1. To determine approximately the percentage of surface moisture 
in fine aggregate for use in computing the allowance to be made for 
water in the fine aggregate when proportioning concrete by the maxi- 
mum water content method. Surface moisture is defined as that mois- 
ture which is on the outside of the particles. The moisture within the 
particles does not add to the volume of the particles and therefore 
does not make itself evident in this test. 


Apparatus 


1 balance (capacity 2 kg., sensitiveness 0.5. Preferably of torsion 
type) : 
1 graduated flasks for field testing of fine aggregate (see Fig. 1 
of test No. 10) 
Method 


2. Selection of Sample.—Select a 1-kg. sample which shall be as 
representative as possible of the fine aggregate. Mix thoroughly and 
spread out on a flat non-absorbent surface. Weigh out immediately 
500 g., permitting moisture to evaporate as little as possible from 
the sample. 

3. Testing —Fill the graduated flask to the 200-cc. mark on the 
lower neck with water at room temperature. Pour slowly into the flask 
now the 500-g. sample. Agitate or stir the contents of the flask to 
free any entrained air bubbles. Read the combined volume of the 
water and fine aggregate on the scale on the upper neck of the flask. 

4. Computations—The percentage of surface moisture in the fine 
aggregate based on surface dry aggregate may be calculated from the 
formula: 

t gee Ee 
specific gravity 
200 500 — Va 


Percentage of surface moisture = 
in which 
V = the combined volume in cubic centimeters of the 

water and fine aggregate in the flask. 
Specific gravity = approximate apparent specific gravity of the fine 


aggregate which is determined in accordance with 
the procedure outlined in Test No. 10. 
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5. Accuracy.—Duplicate determinations should check to within 0.5 
per cent. Variations in the composition of the rock grains of the fine 
aggregate which result in variations of 0.05 in the approximate apparent 
specific gravity of the aggregate will cause inaccuracy in results equal 
to from 1 to 1.5 per cent of moisture. 


Data Recorp—Test No. 15 
Firitp DETERMINATION OF SuRFACE MoistuRE IN Finn AGGREGATE 


Material 


Date 


Weight of sample, g. 


Initial reading of flask, cc. 


Final reading of flask, cc. 


Specific gravity! 


Percentage of surface moisture 


1 Determined in Test No. 10. 


286 ' PLAIN CONCRETE [Tzst 17 


TEST NO. 17 


DETERMINATION OF SIEVE ANALYSIS OF AGGREGATES FOR 
CONCRETE 


A. 8. T. M. Serial Designation C41-27 


Purpose 
1. To determine the relative amounts of the various sized particles 
present in an aggregate. 

Apparatus 
Balance 
Nest of sieves, pan, and cover 
Sieve shaker for fine aggregate 
Drying oven (to operate between 100 and 110°C.) 


Specifications for Apparatus 


2. Steves —The sieves shall be of square-mesh wire cloth and shall be 
mounted on substantial frames constructed in a manner that will pre- 
vent loss of material during sifting. The size of wire and sieve openings 
shall be as given in Table 1. 

3. Balance ——The balance shall be sensitive to one-thousandth of the 
weight of the test sample. 


TaBLE 1.—SriEvE REQUIREMENTS AS GIVEN IN TaBLE 1, A. S. T. M. 
STANDARD 
Sertal Designation C41-27 


Sieve opening Wire diameter Tolerance, per cent 

Sieve num- 

ber! or size che sieht Wire diameter Maxi- 
in inches sme, Inches Lect Inches aia Serra eee ||) AEA 

. f e Under Over | opening 

No. 100 0.149 | 0.0059 0.102 | 0.0040 6 15 35 40 
No. 50 0.297 | 0.0117 0.188 | 0.0074 6 15 35 40 
No. 30 0.59 0.0232 0.33 0.0130 5 15 30 25 
No. 16 1.19 0.0469 0.54 0.0213 3 15 30 10 
No. 8 2.38 0.0937 0.84 0.0331 3 15 30 10 
No. 4 4.76 0.187 1.27 0.050 3 15 30 10 
8¢ in. 9.5 0.375 Qeas 0.092 3 10 10 10 
34 in. 19.0 0.75 3.42 0.135 3 10 10 10 
1 in. 25.4 1.00 4.12 0.162 3 10 10 10 
144 in. 38.0 1.50 4.50 0.177 3 10 10 10 
2 in. 50.8 2.00 4.88 0.192 3 10 10 10 
3 in. 76.0 3.00 6.3 0.25 3 10 10 10 


1 The requirements for sieves No. 100 to No. 4 conform to the requirements of the U. 8. 
Standard Sieve Series as given U. S. Bureau of Standards Letter Circular 74. The liberal 


tolerances will permit the use of certain sieves which do not exactly correspond to the num- 
bers given in the table. 
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Method 


4. The sieves to be used will depend upon the purpose of the analysis. 
If the purpose of the analysis is to check an aggregate against a specifica- 
tion, then the sieves named in the specification should be used. If it is 
desired to compute Abrams’ fineness modulus, then the following sieves 
of the Tyler standard series should be used: Nos. 100, 48, 28, 14, 8, 4, 
3¢ in., 34 in., and 1144 in. The No. 3 or 14-in. sieve should always be 
used, as it is the dividing line between fine and coarse aggregate. 


Fia. 1.—A type of mechanical sieve shaker. An automatic cutout switch is 
located in the box just above the shaker. 


5. Some specifications specify screens for the coarse aggregate instead 
of sieves. This item should be watched carefully as the results will be 
quite different for the same material. The difference will be greater 
using a crushed stone than with pebbles. 

6. Preparation of Sample.—Select a representative test sample of the 
aggregate by quartering or by use of a sample splitter, which after drying 
will have not less than the following: 

7. Fine aggregate 500 g. 

8. Coarse aggregate or a mixture of fine and coarse aggregates, 
weight in grams, 3,000 times the size of the largest sieve required, 
measured in inches. 

9. Dry the sample to a constant weight at a temperature not over 
P2076, 
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Fine Aggregate 


10. Testing the Sample—Weigh out 500 g. of the fine aggregate. 

11. Arrange the sieves in order, with the sieve having the largest 
diameter of opening at the top and with a pan on the bottom. Place 
the sample on the top sieve. Cover. 

12. Place the nest of sieves in a sieve shaker and shake until not more 
than 1 per cent by weight of the sample passes any of the sieves in 1 
min. of continuous shaking. It is common practice to shake the sample 
15 min. If the shaking is done by hand, use the sieves individually and 
begin with the one having the largest openings. Follow in general the 
procedure outlined in the test for fineness of cement. The material 
shaken on the second sieve should be only that passing the first sieve 
used. 

13. Weigh each time all the material that is coarser or finer than each 
sieve. When machine shaking is used, it is more convenient to weigh 
the amounts coarser. With hand shaking one is as convenient as the 
other. Compute percentages passing or retained, as desired. 


Coarse Aggregate 


14. Testing the Sample——With coarse aggregate it is not possible to 
use machine shaking. Separate the entire sample on the sieve with the 
largest openings. Weigh the amount retained. On the sieve with the 
next smaller openings, separate the part of the sample which passed 
through the first sieve. Add the part retained on the second sieve to the 
part retained on the first sieve and weigh. This gives the total amount 
of the material which is larger or coarser than the second sieve. 

15. Repeat with other sieves in order. 

16. Compute the percentages passing or retained, as desired, based on 
the total weight of the dry sample. 

17. Report—The percentages in the sieve analysis shall be reported 
to the nearest whole number. 

18. If more than 15 per cent of a fine aggregate is coarser than the 
No. 4 sieve, or more than 15 per cent of a coarse aggregate is finer 
than the No. 4 sieve, the sieve analysis of the portions finer and coarser 
than this sieve shall be reported separately. 


Questions 


1. How is it possible to secure results for certain sieves which may not 
be used in the performance of the test? 

2. How is it possible to secure results in terms of the portions passing 
one sieve and retained on another, when the sieve analysis is made giving 
results in terms of the entire batch split on each sieve? 

3. Why is grading of the aggregate important? 
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TEST NO. 18 
DECANTATION TEST FOR SAND AND OTHER FINE AGGREGATES 


A. S. T. M. Serial Designation D136-22T 


Purpose 


1. To determine the total quantity of silt, loam, clay, etc., in sand or 
other fine aggregates. This determination will include all water-soluble 
material present, the percentage of which may be determined separately 
if desired. 


Apparatus 
Drying oven (to operate between 100 and 110°C.) 
Balance 
Pan 


Timepiece indicating seconds 


Specifications for Apparatus 


2. Pan.'—The pan or vessel to be used in the determination shall be 
approximately 9 in. (230 mm.) in diameter and not less than 4 in. (102 
mm.) deep. 


Method 


3. Preparation of the Sample—Thoroughly mix the sample, which 
shall contain sufficient moisture to prevent segregation. Select (by 
quartering or sample splitter) a representative sample sufficient to 
yield approximately 500 g. of dried material. Dry to a constant weight 
in an oven at a temperature not to exceed 110°C. Weigh. 

4, Testing the Sample.—Place the dried sample in the pan with suffi- 
cient water to cover the sample (about 225 cc.). Agitate the contents of 
pan vigorously for 15 sec. and then allow to settle for 15 see. Pour off 
the water, being careful not to pour off any sand. Repeat this opera- 
tion until the wash water is clear. As a precaution, pour the wash water 
through a 200-mesh sieve and return to the sample any material retained 
thereon. 


5. Dry the washed sand to a constant weight at a temperature not 
exceeding 110°C. Weigh. 

6. Check results may be obtained by saving the wash water, evaporat- 
ing to dryness, and weighing the residue. This is rarely done, however. 

7. Result-—The percentage of silt, loam, clay, etc. is based on the 
original dry weight of the sample. 


1The exact shape of the pan seems immaterial, but is specified in the 
A. 8. T. M. standard. 
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Questions 


1. What limits are usually placed for this test requirement? 


2. What effect does silt in the aggregate have upon the compressive 
strength of concrete? 


3. Why is silt particularly objectionable in aggregates to be used in 
portland cement concrete pavements? _ 


Data Recorp—Test No. 18 
DECANTATION TEST FOR SAND AND OTHER FiInE AGGREGATE 


Material 


Date 


Weight of material 


Weight of material after washing and 
drying 


Weight of silt 


Percentage of silt 
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TEST NO. 19 


DETERMINATION OF PRESENCE OF ORGANIC IMPURITIES IN 
SAND FOR CONCRETE 


A. S. T. M. Serial Designation C40-27 


Purpose 


1. To determine the presence of injurious organic compounds in 
natural sands for cement mortar or concrete. The principal value of 
the test is in furnishing a warning that further tests are necessary before 
the sand be used in concrete. 


Apparatus 


Two 12-oz. clear glass graduated bottles (only one necessary when 
color chart is available) 
Chemicals 


50 ce. of 3 per cent solution of sodium hydroxide (NaOH) in water 
2.5 ec. of 2 per cent solution of tannic acid in 10 per cent alcohol (not 
necessary when color chart is available) 


Method 


2. Select a representative sample of 1 lb. by quartering or by use of 
a sample splitter. Fill one 12-0z. bottle to the 444 oz. mark with 
sand. Add 8 per cent solution of sodium hydroxide until the volume of 
the sand and solution amounts to 7 oz. Shake thoroughly. Allow to 
stand 24 hours. Compare color of clear liquid above the sand with the 
standard color solution, or with the color chart. 

3. Preparation of a Standard Color Solution—When a color chart is not 
available, a standard color solution may be made as follows: Add 2.5 
ec. of a 2 per cent solution of tannic acid in 10 per cent alcohol, to 97.5 
ec. of a 3 per cent solution of sodium hydroxide in water. Place the 
solution in the other 12-0z. bottle, stopper, and allow to stand for 24 
hours. 

4. Color charts or colored glasses are available and may be used in 
place of the solution. Solutions darker in color than the standard 
color have a “color value” higher than 250 parts per million in terms of 
tannic acid. 

Questions 


1. What is the purpose of this test? 


2. What should be done with an aggregate which shows a color darker 
than the standard color? 
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Data Rrecorp—Terst No. 19 


DETERMINATION OF PRESENCE OF ORGANIC ImpurRItTIES IN SAND FOR 
CoNCRETE 


Material 


Date 


Time sand is immersed in sodium hydrox- 
ide solution 


Comparison with standard color at the 
end of 24 hours 


TEST NO. 20 
DETERMINATION OF SOUNDNESS OF COARSE AGGREGATE 


As given in “‘ Tentative Standard Methods of Sampling and Testing Highway 
Materials,” U. S. Department of Agriculture Bulletin 1216, p. 8. There is 
no A. S. T. M. standard. 


Purpose 


1. To determine the. soundness of a coarse aggregate. Some aggre- 
gates show satisfactorily in other tests but disintegrate when subjected 
to freezing and thawing. This test has been devised for use where it is 
not possible to subject the material to actual freezing and thawing. 


Apparatus 
1,000-cc. beaker 
Drying oven (100°C.) 
Balance (1,500-g. capacity) 

Chemicals 


500 cc. saturated (at 70°F.) sodium sulfate solution (Na»SO,) 
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Method 


2. Select 10 pieces of aggregate whose total weight is approximately 
1,000 g. 

3. Immerse the sample of rock in the saturated sodium sulfate solution 
for 20 hours. Remove the sample and place in a drying oven for 4 
hours. The temperature of the drying oven should be 100°C. 

4. Repeat five times. Examine pieces at the end of the test for evi- 
dence of unsoundness. Samples which show marked checking, cracking, 
or disintegration fail to pass this test. 


Questions 


1. What is the practical value of this test? 
2. What is likely to happen to the concrete if an unsound aggregate 
should be used in it? 


Data Recorp—Test No. 20 
DETERMINATION OF SOUNDNESS OF COARSE AGGREGATE 


Material | i r i‘ 
Date | (37 - O/ 


Weight of sample used 


Number of pieces 


Condition of sample at end of test period 


CU» tr... 
y 
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TEST NO. 21 
TENSION TEST FOR FINE AGGREGATE 


The following test is outlined by the writer and follows very closely the proce- 
dure given for the tension test of cement. There is no A. S. T. M. standard for 
tension test for fine aggregate. Tensile strength requirements are frequently 
given in specifications with the expectation that the procedure for making test 
specimens as given in the A. S. T. M. tension test will be followed. 


Purpose 


1. To determine the mortar- and concrete-making qualities of a fine 
aggregate, as measured by the tensile strength of briquets made using 
that fine aggregate and compared with the tensile strength of briquets 
made using the same cement and standard Ottawa sand, in the same 
proportions and of the same consistency. 


Apparatus 


Pan, beaker, trowel, and graduate 

Balance 

Four 3-gang briquet molds 

Five glass plates, approximately 3 X 12 in. 
Water storage tank 

Moist closet 

Briquet testing machine 


Specifications for Apparatus 


2. This apparatus is the same as that specified in the tension test of 


cement. 
Method 


3. In this test it is necessary to make two batches of mortar, one using 
the sand being tested and any brand of portland cement and the other 
using standard Ottawa sand and the same cement used in the first batch. 
The ratio of cement to sand is 1:3 by weight. In student work it is 
convenient to make the tension tests of cement and sand at the same 
time. Thus the tension test of cement will serve a double purpose. In 
case both tests are made at the same time, the student should note that 
the briquets made with standard Ottawa sand are the tension test of 
cement and a part of the tension test of sand. 

4, Preparation of the Specimens.—The preparation of the specimens 
‘using standard Ottawa sand is exactly as described in the tension test for 
cement. The mortar in the specimens using the sand being tested 
should be of the same consistency as the standard Ottawa sand mortar. 
The tester must use his own judgment in making the two mortars of the 
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same consistency. The standard Ottawa sand mortar should be made 
first. 

5. Care of the Specimens.—Same as in tension test for cement. 

6. Testing the Specimens.—Same as in tension test for cement. Three 
of a kind are tested at 7 and at 28 days. 


Data Recorp—Tsst No. 21 
Trnsion TESTS OF SAND FOR CONCRETE 


Material 


Date 


Air temperature 


Brand of cement used 


Weight of cement used 


Weight of sand used ~ : 
“Weight of water used with S. O. 8. mor- Z 
tar / a) 7 7 


Weight of water used with test sand 
mortar 


7 


Age | Specimen 


number Test sand . O. S. | Test sand 


165 | 
tee 
PRL 


b 


Test results Average 


1 


+46. 


asf / 


Average 


Test 22} COMPRESSION TEST FOR FINE AGGREGATE 297 


TEST NO. 22 
COMPRESSION TEST FOR FINE AGGREGATE 


The following test is outlined by the writer and follows very closely the pro- 
cedure given for the compression test of cement, which is a tentative A. S. T. M. 
standard. There is no A. S. T. M. standard for compression test for fine aggre- 
gate. Compressive strength requirements are frequently given in specifications 
without any outline of a definite method for the performance of the test. 


Purpose 
1. To determine the mortar- and concrete-making qualities of a fine 
aggregate, as measured by the compressive strength of cylinders made 
using that fine aggregate and compared with the compressive strength 
of cylinders made using the same cement and standard Ottawa sand, in 
the same proportions and of the same consistency. 
Apparatus 
Pan, beaker, trowel, and graduate 
Balance ; 
Twelve cylinder molds 2 X 4 in. 
Twenty-four glass plates 214 in. square 
Water storage tank 
Tamper 
Compression testing machine 
Specifications for Apparatus 
This apparatus is the same as that specified in the compression test 
for cement. 
Method 
2. In this test it is necessary to make two kinds of mortar, one using 
the sand being tested and any brand of portland cement, and one batch 
using standard Ottawa sand and the same cement used in the first batch. 
The ratio of cement to sand is 1:3 by weight. In student work it is 
convenient to make the compression tests of cement and sand at the 
same time. Thus the compression test of cement will serve a double 
purpose. In case both tests are made at the same time, the student 
should note that the cylinders made with standard Ottawa sand are the 
compression test of cement and a part of the compression test of sand. 
3. Preparation of Specimens.—The preparation of the specimens using 
standard Ottawa sand is exactly as described in the compression test for 
cement. The mortar in the specimens using the sand being tested should 
be of the same consistency as the standard Ottawa sand mortar. The 
tester must use his own judgment in making the twomortars of the same 
consistency. The standard Ottawa sand mortar should be made first. 
4. Care of Specimens.—Same as in the compression test for cement. 
5. Testing Specimens.—Same as in the compression test for cement. 
Three of a kind are tested at 7 and at 28 days. 
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TENSION AND COMPRESSION TESTS OF FINE AGGREGATE 
Questions 
1. Why is it necessary in these tests to use the same brand of cement for 


both batches of mortar? 
2. Write the usual specification for these requirements for a sand to be 


used in pavement construction. 
3. Would variations in the temperature of the water in the storage tank 


affect the test results? 


Data Recorp—TeEst No. 22 
Compression Trst For Fine AGGREGATE For CoNCRETE 


Material ~ ‘ d 
Se. eee eee 
Date a 

ae. oe fe f<2 / 


ZZ J 
#_1_{< 


Air temperature one v he 
; Zz 


Brand of cement used 


/ a 44 - 
me cy) y, Gf 


Weight of cement used 


Weight of sand used IL4QqQ 


Weight of water used with S. O. S. mor- A 
tar 2 / 0 ? y 


Weight of water used with test sand P 
mortar I / O 
y, F 


Standard Ottawa 


aindienontae Test sand mortar 


Gea uce 
Baek Unit load Uni 
Total load, | Total 1 — 
pounds per oe om pounds per 


square inch square inch 
V7#0 

| WH66) 

Test results a 460 


Average 


pounds 


1295S 


Average 
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TEST NO. 25 
MORTAR VOIDS TEST 
Object 


_ 1. To secure data to plat the mortar-voids curves for use in connection 
with Professor Talbot’s method of proportioning concrete. 


Apparatus 
Balance (1,000-g. capacity) 
Container (200- to 250-cc. capacity) 
Steel tamper (see Fig. 1 of Test No. 7) 2% 
2 mixing pans ae 
Method 


2. The purpose of these tests is to secure data concerning the com- 
position of mortars composed of any cement and any sand. For the 
same amounts of water the composition of mortars varies as the cement 
or sand is changed. It is not possible to make the determination using 
any materials and expect these values to hold for all other similar 
materials. 

In making the series of mortar-voids tests for a given sand, Professor 
Talbot used the following ratios of sand to cement, all by solid or 
absolute volumes: 0, 1, 2, 3.5, and 5. This range covers all the values 
ever used in concrete. The 0-ratio is neat cement, which is rarely used. 
The 5-ratio is also rarely used. For each ratio of sand to cement, the 
water content is determined which will produce a minimum of voids. 
The water content which produces minimum voids is known as basic 
water content. After basic water content is determined, batches are 
mixed with water contents 20 to 40 per cent in excess of basic water 
content so that the composition of these mortars may be noted. 

3. Determination of Quantities of Materials—Not knowing the 
materials, it is difficult to give a definite procedure. Professor Talbot 
in the original studies used enough material so that the solid volume of 
the cement and the sand was equal to the volume of the container. The 
addition of the water increased the volume of the mortar so that it was 
not possible to get all of the mortar into the container. 

Determination of the quantity of mixing water to produce minimum 
voids is a cut-and-try process. Use an amount of water first which it is 
thought will be somewhere near the correct amount. Base other 
amounts upon the first and succeeding determinations. 

4. Mixing—Weigh out materials for one batch. Mix sand and 
cement dry. Add water and proceed with mixing as outlined in Test 
No. 6. Begin the filling of the container as soon as the mixing is 


completed. 
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5. Testing —Fill the container in 4 increments, tamping each incre- 
ment 10 strokes with the tamper. Care should be exercised to make 
the strokes uniform. Smooth off the surface with a trowel. Determine 
the weight of the amount of mortar placed in the container. 

6. Mix and test other batches until the amount of mixing water which 
will produce minimum voids is determined. Repeat with 20 and 40 
per cent more water. 

7. Repeat for other ratios of sand to cement until the entire range 
is covered as suggested in Sec. 2. 

8. Computations —Assuming that the portion of the batch which is 
placed in the container is representative of the entire batch, compute 
the volume of the batch from the following equation: 


Volume of batch weight of batch 


Volume of container weight of portion placed in container 


For each batch compute the following: 

1. Volume of batch. 

2. Solid volumes of cement and sand (found by dividing the weight 
of each used by its specific gravity). 

3. Proportions of water, cement and sand (found by dividing the 
absolute or solid volume by the volume of the batch). 

4. Proportion of voids (found by subtracting from 1 the values for 
cement and sand determined in the preceding item). 

5. Cement-space ratio (found by dividing the value for solid volume 
of cement by the sum of the values for cement and voids). 

9. Curves—Plat characteristic curves similar to those shown in 
Ties, Ok 
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TEST NO. 31 


EFFECT OF THE AMOUNT OF MIXING WATER ON COMPRESSIVE 
STRENGTH OF CONCRETE 
FOR A GIVEN MIX 


Object 


1. To show the effect of the amount of mixing water on the com- 
pressive strength of concrete, keeping the proportions of cement and 
aggregate the same. 

Apparatus 

Scales (100-kg. capacity) 

Pans for weighing materials 

Small concrete mixer 

Cylinder molds and plates (at least three molds and six plates for 
each batch of concrete) 

Standard tamping rod 

Slump cone (and flow table) 

Compression testing machine 

Large pan or wheelbarrow for mixed concrete 

Large trowel 

Method 


2. There are two general types of problems which may be performed 
under the general heading The Effect of the Amount of Mixing Water 
on the Compressive Strength of the Concrete. In the first case the propor- 
tions of the cement and aggregates may be kept constant and the amount 
of mixing water varied. This will produce concrete of different con- 
sistencies. In the other case the ratio of water to cement may be 
varied and the consistency kept approximately constant by varying 
the proportions of cement and aggregates. In both cases the water- 
cement ratio is varied, but in the one the consistency is varied while in 
the other it is kept constant. In this problem the proportions of 
cement and aggregates are kept constant and the consistency varied. 

3. Proportions—Any proportions of cement to aggregate may be 
used. The selection of the exact proportions will depend somewhat 
upon the materials and the purpose of the tests. The author has 
found a 1:214:4 ora 1:214:4 mix convenient and giving a satisfactory 
range of values. Maximum strength will be secured for these propor- 
tions with a water-cement ratio of approximately 0.9. A water-cement 
ratio of 0.6 or 0.7 will-produce dry and unworkable concrete, and a 
water-cement ratio of 1.4 will produce concrete which is too wet to be 
classed as workable. If time and equipment permit it is suggested that 
the water-cement ratio be varied from 0.7 to 1.4 by 0.1 interval. For 
other proportions the range will be slightly different. 
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4. Determination of Quantities —Determine the quantities of mate- 
rials necessary to make enough concrete to fill the molds and allow 
about 10 per cent excess for loss in handling. See chapter on Esti- 
mating Quantities of Materials for Concrete. Determine the weight of 
each material to be used in each batch. Weigh out the materials for 
the batches as required. 

5. Mixing—Put all the materials, including the water, into the 
mixer and mix either 1, 114, or 2 min. Mix all batches the same length 
of time, however. Dump the entire batch into the large pan or wheel- 
barrow. If concrete does not come out of the mixer uniformly, stir in 
the pan or wheelbarrow until uniform. 

6. Consistency Tests —Make either or both the slump and flow tests 
for consistency. 

7. Slump Test.—Place slump cone on a flat, non-absorbent surface. 
Hold the form firmly in place while it is being filled by standing on the 
foot pieces. Fill the mold with concrete to about one-fourth its height. 
Puddle with a 5g-in. rod, 24 in. in length and bullet pointed at the 
lower end. Fill the mold in successive layers and puddle as in the case 
of the first layer. Strike off the concrete so that the mold is exactly 
full. Immediately after filling remove the mold by raising it vertically. 
Allow, the molded concrete to subside until quiescent and measure 
the height of the specimen. The slump value is equal to the original 
height minus the final height and is given in inches. 

8. Flow Test.2A—Place the metal mold in the shape of a frustum of a 
cone 634 in. in top diameter, 10 in. in bottom diameter, 5 in. in depth, 
on the table of the flow apparatus. Place the fresh concrete in the mold 
in 2 layers and puddle each layer as prescribed above under slump test. 
Strike off the surplus concrete with a trowel and remove the mold with a 
steady upward pull. Raise the table 14 in. and drop fifteen times in 
about 10 sec. Measure the average diameter of the concrete. The 
flow is the spread of the concrete due to this treatment expressed as a per- 
centage of the original bottom diameter of the cone. 

9. Molding Cylinders.—After the consistency tests have been made, 
mold the desired number of cylinders, in the following manner:* 

Place concrete in the molds in layers 3 to 4 in. in thickness. Puddle 
each layer with 25 strokes of a 5g-in. rod 24 in. in length and bullet 
pointed at one end. After the top layer has been puddled strike off 


1 As outlined in ‘‘Tentative Method of Test for Consistency of Portland- 
cement Concrete,” A. S. T. M. Serial Designation D138-26T. 

? As outlined in ‘‘Standard Methods of Making Compression Tests of 
Concrete,” A. S. T. M. Serial Designation C39-27. 

* This is the method prescribed in “Standard Methods of Making Com- 
pression Tests of Concrete,” A. S. 7. M. Serial Designation C39-27. See 
pages 227-232. 


Test 31] COMPRESSIVE STRENGTH OF CONCRETE 303 


surplus with a trowel and cover with a piece of plate glass 14-in. in 
thickness or with a machined plate. 

10. Capping Cylinders —After an interval of from 2 to 4 hours, cap 
the cylinders in the following manner: Mix up a batch of neat cement 
paste to a fairly stiff consistency at the time the cylinders are made. 
Apply a thin layer of the cement paste over the end of the cylinder. 


Fia. 1.—Preparation of cylinders. 
a, The mold. Note the device for opening and closing. Plates for top and bottom 


should be machined. 
b, The molds are filled in 3 increments and each increment is rodded 25 strokes with a 


5g-in. steel rod. 
c, Within 2 to 4 hours after molding the cylinders should be capped with neat cement paste. 


Picture shows cement paste heaped upon top of the concrete, ready to be covered with the 


plate shown in next picture. ’ : ; . 
d, Plate is then pressed down until contact is made with the mold. Plate is left in place 


until forms are removed. : ; 
e, Sometime between 20 and 48 hours after molding, the forms are removed and the cylin- 


ders placed in storage. A convenient method of removing the forms is shown in this and 
the next picture. Place cylinder on pedestal which is approximately 12 inches high, as 


shown. 
f, Open clamp and mold will drop of its own weight. If cylinder molds are stripped 
upward, the cap is often damaged. 


Press a piece of plate glass or a machined plate down on the cement 
paste until the plate touches the cylinder mold. The plate should be 
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oiled first or a piece of waxed paper inserted between the paste and the 
plate. 

Some engineers remove the cylinders from the moist storage 24 hours 
before breaking and cap with plaster of Paris or a quick-hardening 
cement. If dental plaster of Paris is used the cylinders may be tested 
within 5 min. after the cap is placed. The method outlined in the 
preceding paragraph is standard now and is being used by most 
laboratories. 

11. Curing—All cylinders should be cured in the same manner. 
For laboratory work a moist room is probably the most convenient. 
Storage in water or damp sand is just as satisfactory but much less 
convenient. 

Remove the cylinders from the forms 20 to 48 hours after molding. 
Mark each specimen for identification later on. The specifications 
also provide for weighing the specimens. Place cylinders in moist 
room. 

The temperature of the curing room should always be within the 
range of 18 to 24°C. (60 to 75°F.). Most laboratories attempt to keep 
the temperature at 70°F. It is important to keep the temperature 
constant and within the range specified. Automatic control of the 
temperature is desirable. 

12. Testing—The specifications provide that the test specimens 
shall be loaded in a damp condition. Measure the length and average 
diameter, and weigh if desired. 

The metal bearing plates of the testing machine shall be placed in 
contact with the ends of the test specimen. Cushioning materials 
shall not be used. The bearing block shall be adjustable and placed on 
top of the cylinder. The diameter of the bearing block must also be 
the same or slightly larger than that of the cylinder. Keep the upper 
or lower section of the bearing block in motion as the head of the testing 
machine is brought to a bearing on the test specimen. 

The load should be applied uniformly and without shock. The 
moving head of the testing machine should travel at the rate of about 
0.05 in. per minute when the machine is running idle. 

Place the cylinder in the testing machine, being careful to center the 
specimen under the bearing block. Note the total load required to 
break the cylinder. Test all cylinders at age of 28 days. 

Questions 


1. Which water-cement ratio produced the greatest strength? What was 
the slump of that batch? On what kind of work can such consistencies 
be used? 

2. Were the batches with water contents smaller than that giving maxi- 
mum strength suitable for construction work? Why? 

3. Were the batches with water contents greater than that giving maxi- 
mum strength suitable for construction work? 
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4. What is the difference between the high and low strength values? 

5. Plat values strength against water-cement ratio. Plat Abrams’ 
curve S = 14,000/7*. How do the test values compare with the theoretical 
ones? 

Data Reeorp—Tzst No. 31 
Errect or Amount or Mixinc Warr on THE Compressive STRENGTH 
OF CONCRETE 


For a Given Mix 


-~ cd 2) Som 


Mix by volume (2 PDAS ts | 

Batch: Cement, G, GO é g. 
Sand, SEL ODA eaty a 
Coarse aggregate, 2 (0 HBC i 

Time of mix, min, 


Date cylinders made, NOYES SI? ES 
Date cylinders broken, LOCO FZ IIE F 


’ ov 


Age at breaking, 3d days 


Consistency 
Water- Volume Strength, 


cement mixing pounds per 
ratio water Slump Flow square inch 


Oc, 


Batch Cylinder 
number numbers 


24-40\| 2 


” 
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Cylinder data Compressive strengths 


number i ; Total 
Diameter Length Weight load, 


pounds 


Cylinder Average Average 
tdta} # | unit load, 
load, pounds per 
pounds _ square inch 
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TEST NO. 32 


EFFECT OF THE AMOUNT OF MIXING WATER ON THE COM- 
PRESSIVE STRENGTH OF CONCRETE 
FOR VARIOUS WATER- CEMENT RATIOS AND 
UNIFORM CONSISTENCY 


Object 


1. To show the effect of the amount of mixing water on the compres- 
sive strength of the concrete, when the ratio of water to cement is 
varied and the consistency of the various batches is kept uniform. 


Apparatus 
Scales (100-kg. capacity) 
Pans for weighing materials 
Small concrete mixer 
Cylinder molds and plates 
Standard tamping rod 
Slump cone (and flow table) 
Compression testing machine 
Large pan or wheelbarrow for mixed concrete 
Large trowel 

Method 


2. In this problem the ratio of water to cement will be varied and the 
consistency will be kept constant by varying the amount of aggregate 
used. 

Decide upon a gradation of aggregate to use with each water-cement 
ratio. A suitable gradation is one in which the volume of coarse aggre- 
gate is one and three-fourth times the volume of fine aggregate. 

3. Water-cement Ratios—Vary the water-cement ratios from about 
0.5 to 1.2, using as many as time and equipment will permit. 

4, Quantities of Materials.—It will be practically impossible to estimate 
the amount of aggregate to mix with each water-cement ratio. It 
is suggested that the water-cement ratio from the preceding problem 
which gave the desired consistency be used as the basis for determining 
the tentative quantities. The lower water-cement ratios will require 
less aggregate and the higher ones more aggregate. 

5. Mixing—Coat the inside of the mixer with mortar. Weigh out 
the cement and water which are estimated, and place in the mixer. 
Place in the mixer also a quantity of aggregate which it is estimated 
will not be quite sufficient. Start mixer. After about 34 min. it will 
be possible to determine the consistency approximately. If the mix is 
too wet add more aggregate, keeping the proportion of fine and coarse 
the same as originally planned. If the mix is too dry add more water 
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and cement keeping the ratio the same as before. Adjust until the 
desired consistency is secured. 

In order to facilitate the work, it is desirable to have several small 
increments of aggregate weighed out ahead, so that the mixing need not 
stop for more than the fraction of a minute. The first batch will 
probably consume the most time in getting the proper consistency. 
Mix all other batches the same length of time. 

Record the amounts of materials used in each batch. 

6. Consistency Tests —Make consistency tests on each batch. 

7. Molding, Capping, Curing, and Testing—Mold the cylinders, 
cap, cure, and test as prescribed in the preceding problem. 


Questions 


1. Plat values of strength against water-cement ratio on same sheet 
with those from test No. 31. How do the values secured in this test compare 
with those secured in the previous test? With the theoretical values? 

2. What explanation is there for any variations? 
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Data REcorpD—TEst No. 32 
EFFECT OF THE AMOUNT OF MIXING WATER ON THE COM- 
PRESSIVE STRENGTH OF CONCRETE 
FOR VARIOUS WATER-CEMENT RATIOS AND 
UNIFORM CONSISTENCY 


Cylinders made, 
Cylinders tested, 


Age at testing, —________. days. 
Specific Weights: 
Cement, g./ce. 
Sand, g./ce. 


Pebbles, g./ce. 


Batch—weights—grams Strength, 
Mix by |Slump,| Cylinder |pounds per'| 
volume | inches | numbers square 
inch 


Cement | Sand | Pebbles 


310 


Cylinder 
number 
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Cylinder data 


[Test 32 


Compressive strengths 


Diameter 


Length 


Total 
load, 
pounds 


Average 
total load, 
pounds 


Average 
unit load, 
pounds per 
square inch 
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TEST NO. 33 
EFFECT OF AGE UPON COMPRESSIVE STRENGTH OF CONCRETE 


Object 


1. To show the effect of age upon the compressive strength of concrete. 

Conerete gains strength with age. This problem is designed to 
establish that relationship for any given set of materials and conditions. 
The quality of the cement will affect the rate of hardening, the special 
cements gaining strength faster and gaining greater strength than the 
standard brands. Concretes with lower water-cement ratios will gain 
more strength at a faster rate than will those with higher water-cement 
ratios. Temperature will also affect the rate of gaining strength. 


Apparatus 

Seales (100-kg. capacity) 

Pans for weighing materials 

Small concrete mixer 

Cylinder molds and plates (at least three molds and six plates for 
each batch of concrete) 

Standard tamping rod 

Slump cone (and flow table) 

Compression testing machine 

Large pan or wheelbarrow for mixed concrete 

Large trowel 


Method 


2. It is recommended that Test No. 34 be done at the same time, thus 
securing some data on the relationship between compression and beam 
test results. Since Test No. 34 is made on pavement concrete only, 
the mix in this case should be a 1:2:3 or a 1:2:314. A water-cement 
ratio of 0.8 will generally be found satisfactory. 

Cylinders may be tested at any ages desired. The following ages are 
suggested: 1, 3, 5, 7, 14, and 28 days. Testing at 3 months and 1 year 
is also recommended whenever time will permit. 

3. Size of Batch.—Since all of the concrete is to be alike, the quantity 
mixed at one time may be as much as the mixer will accommodate. 
Determine the weights of each material per batch. 

4. Mizing.—Mix all batches the same length of time. Coat the 
inside of the mixer with mortar first. 

5. Consistency Tests—Make the usual consistency tests as outlined 
in Test No. 31. Determinations on only one batch should be sufficient 


since all are alike. 
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6. Molding. —Follow the method of molding given in Test No. 31. 
Place a layer of concrete in each mold before depositing the second layer 
in any of the molds. In this way concrete from several batches will be 
placed in each cylinder and any variations in one batch will not appear in 
a small group of cylinders. 

7. Capping, Curing and Testing—Cap, cure, and test as outlined in 
Test No. 31, except that the age at testing should be as determined for 
this test. 


Questions 


1. Based on the Slater formula, what is the estimated 28-day strength 
of the concrete based on the 7-day value? How does this value compare 
with the value actually secured? 

2. Plat curve showing relation between age and strength. 

3. Consider 28-day strength as 100 per cent and figure percentages for 
other ages. 

4. What factors enter in to influence the rate at which concrete gains 
strength? 
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Data Recorp—Trst No. 33 
Errect oF AGE upon Compressive STRENGTH OF CONCRETE 


Mix by volume pee eS eh 
Water-cement ratio as ¥ Fs VO 
Batch: Cement SS, ODO g r — 
Sand Le ee ; g. 
Pebbles Cia g. 
Water & 02 g 
Time of mix | Z~ SPRL min 


= 2 


Date cylinders made _/7//2/< 
Slump Seog, 
Flow : /Po 


Strength, 
pounds per square inch 


314 


Cylinder 
number 
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Cylinder data 
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Compressive strengths 


Diameter 


Length 


Total 
load, 
pounds 


Average 
total load, 
pounds 


Average 
unit load, 
pounds per 
square inch 


a oe 


SHO 


1¥SO 
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TEST NO. 34 
EFFECT OF AGE UPON THE BEAM STRENGTH OF CONCRETE 


Object 

1. To determine the -relationship between age and beam strength 
for a given concrete. Obviously the concrete will gain in beam strength 
the same as it does in compression. The chief value in doing this test 
is to get the values for a given concrete at the different ages. It is 
suggested that this test be made at the same time as Test No. 33, the 
Effect of Age upon the Compressive Strength of Concrete. If time permits 
’ several series might be run in which different cements or water-cement 
ratios are used.! 

Apparatus 

Scales (100-kg. capacity) 

Pans for weighing materials 

Small concrete mixer 

Beam molds 

Standard tamping rod 

Slump cone (and flow table) 

Beam testing machine 

Large pan or wheelbarrow for mixed concrete 

Large trowel 

Method 

2. Since the practical application of this test is in connection with 
pavement concrete, it is suggested that, one of the pavement mixes 
be used. Mixes generally used for pavements are the 1:2:3 or 1:2:3!4, 
and occasionally the 1:114:3. 

If this test is made in connection with Test No. 33, the same mix 
and water-cement ratio should be used in both cases. Since all of the 
concrete is to be alike, the quantity mixed at one time may be as much 
as the mixer will accommodate. Mix all batches the same length of 
time. Make the usual consistency tests on concrete from one of 
the batches. 

Place the first layer in all of the forms before starting on the second 
layer. Compact the concrete in the beam forms by spading with a 
regular concrete spading tool. Smooth off the surface of the concrete 
flush with the top of the form as soon as the concrete has set sufficiently. 

3. Curing—Remove beams from the forms at the same time the 
cylinders are removed for Test No. 33. Place in moist room until 


tested. 

1 The author has made it a practice to use different cements or water- 
cement ratios in the various classes each term and then to give all the results 
to each student. 
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4, Testing—The same ages for testing are recommended as given 
for Test No. 33, namely; 1, 3, 5, 7, 14, 28 days. Apply the load and 
note the value when the beam breaks. Compute the modulus of 
rupture for each age. See the chapter on Testing for a sample of the 
computations. 


Questions 


1. Plat curve showing relationship between modulus of rupture and 
compressive strength. 

2. Consider 28-day strength as 100 per cent and figure percentages for 
other ages. Compare values here with those for question 3 of test No. 33. 

3. Figure ratio between modulus of rupture and compressive strength 
for each age. What is the average value and the maximum variation of 
any individual result from the average? 

4. Would the shape or surface condition of the aggregate affect the 
modulus of rupture of value? In what way? 


Data REecorp—Tsrst No. 34 
EFFECT oF AGE UPON BraM STRENGTH OF CONCRETE 


1. Mix by volume, (=e 

2. Water-cement ratio, a 2 

3. Batch: Cement, 47,242 G ° g. 

Sand, JG 2 13 g. 
Pebbles, SK pa 2 g. 
Water, a OD 2 g. 

4. Time of mix, min. 

5. Date beams made, ad = & 

6. Slump, a =) in. 

7. Flow, 79 O 

8. Cross-section of beam 6X lb in. 

9. Moment of inertia (14 2bd'), 10 Fins 
10. Distance extreme fiber to neutral axis (c), _ 3 in. 
11. Weight of extension arm, eee i], 
12. Distance center of gravity of extension arm to support, © —-——~in. 
13. Moment extension arm, abate Wey, 
14, Length of overhanging concrete, = ine 
15. Moment of overhanging concrete, in. lb. 


16. Total moment of overhanging concrete and extension arm,———— in. lb. 
17. Stress in concrete due to overhanging concrete and extension arm, 
pounds per square ye 
18. Distance from support to load applied at end of extension arm (2 i 
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Break Modulus of rupture, 
numbers pounds per square inch 


318 
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For loads applied at end of extension arm 


Break number Individual Average, 
i load, pounds pounds 


2 3 


Moment, Stress, 


pounds--per | pounds per 
square-inch | square inch 


ty LO, 5 


[Test 34 


Modulus of 
rupture, 
pounds per 
square inch 
6 


| 


Modulus of rupture equal to values in column 5 and item 17 above 
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TEST NO. 35 


EFFECT OF CURING CONDITION UPON THE COMPRESSIVE 
STRENGTH 


Object 


1. To show the effect of various methods of curing on the compressive 
strength of the concrete. 


Apparatus 


Seales (100-kg. capacity) 

Pans for weighing materials 

Small concrete mixer 

Cylinder molds and plates (at least three molds and six plates for 
each batch of concrete) 

Standard tamping rod 

Slump cone (and flow table) 

Compression testing machine 

Large pan or wheelbarrow for mixed concrete 

Large trowel 


Method 


2. Concrete strengths may be increased appreciably by ‘proper 
methods of curing. Moisture is essential in curing concrete and the 
temperature affects the rate of hardening. These items may be checked 
in several ways in this problem. The following curing conditions are 
suggested with the idea that certain ones will be chosen or others added 
depending upon time and equipment: 

One day in the forms and the balance as follows: 

1. Twenty-seven days in the moist room 

2. Twenty-seven days under water 

3. Twenty-seven days in ordinary air temperature but without any 
moisture. 

4, Ten days moist and balance of 28 days in ordinary air temperature. 
(This is a condition found on many jobs.) 

5. Curing at temperatures other than those prescribed for laboratory 
and moist room. Cylinders might be placed outdoors in freezing 
weather to get the effect of freezing temperatures, or the cylinders might 
be placed in a refrigerator which can be controlled to any temperature 
desired 

3. Proportions.—It is suggested that the same mix be used as in 
Test No. 31 and that the water-cement ratio be that which produced a 
fairly stiff consistency. 
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4. Quantities of Materials Since all of the concrete is to be alike, 
the quantity mixed at one time may be as much as the mixer will 
accommodate. Determine the weights for each batch. 

5. Mixing —Mix all batches the same length of time. It would be 
better if the time of mix in all of the concrete tests be uniform. ee: 
mixing time of 2 min. is suggested. 

6. Consistency Tests—Make the usual consistency tests on concrete 
from one of the batches. 

7. Molding, Capping, Curing, and Testing—Mold, cap, cure, and 
test as previously prescribed in Test No. 31. Put first layer in all of 
the molds before placing the second increment in any. 


Questions 


1. How do the 28-day strengths for the various methods of curing com- 
pare? 

2. Consider the case where the concrete is permitted to dry out as soon as 
placed. Strength tests are made at 7 days in order to estimate the probable 
28-day strength from the Slater formula. Is the formula applicable? 
Why? How will the test values compare with the estimated values? 

3. What factors during the curing period affect the baie: of the 
concrete? 


_Corsh ra ee a O/IS =f; Soo Sie 
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Data REcorpD—TEst No. 35 
Errrect oF CuriInG CoNnpDITIONS uPON CoMPRESSIVE STRENGTH 
7 Ose? 


~~ ~~ 


Mix by volume, 


Water-cement ratio, ide PS 

Batch: Cement, So 3¥ 2°R- ear 
Sand, A/ 5, “0 2 g. 
Pebbles, ZO FA#e g. 
Water, 76 OO g. 

Time of mix, Le = tin. 

Date cylinders made, LLLP M LOS. 

Date cylinders broken, : 

Cay 
Slump, cE 
Flow, ace VS AS ea oes 


Strengths, 
pounds per square inch 


322 
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: [Trust 35 
ad é 
2 Compressive strengthé, C/, 
: mr Total 
Te afl 


Average 
load, total load, 
pounds pounds 


Average 
unit load, 
pounds per 


square inch 


7S pao WE aia 
swe 


bdead 


33001 123, b044 bes | 


660 1H 73 0 


Re 
| 
| 


Cure fH Mol st kon 
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TEST NO. 36 


EFFECT OF TIME OF MIXING UPON THE COMPRESSIVE 
STRENGTH OF CONCRETE 


Object 


1. To show the effect of the time of mixing upon the compressive 
strength of concrete. It is generally considered that increasing the 
time of mixing increases the compressive strength of the concrete. 


Apparatus 


Seales (100-kg. capacity) 

Pans for weighing materials 

Small concrete mixer 

Cylinder molds and plates 

Standard tamping rod 

Slump cone (and flow table) 

Compression testing machine 

Large pan or wheelbarrow for mixed concrete _ 
Large trowel 


Method 


2. For this problem it is suggested that batches be mixed 20, 40, and 
60 sec., and 2, 3 and 5 min. Most specifications call for a 1-min. mix 
and some are requiring 114 or 2 min. 

3. Proportions —It is suggested that the same mix and water-cement 
ratio be used as in Test No. 31. 

4. Quantities of Materials—Determine the quantities of materials 
necessary to make the desired number of cylinders. 

5. Mizing.—Place all of the materials for one batch in the mixer 
before starting. When the proper time of mixing has elapsed discharge 
concrete from the drum. 

6. Consistency Tests —Make usual consistency tests on each batch. 

7. Molding, Capping, Curing, and Testing—Mold, cap, cure, and 
test as previously prescribed in Test No. 31. 


Questions 


1. Plat curve showing relationship between time of mixing and com- 
pressive strength. 

2. Are the test results in accordance with the commonly accepted ideas? 

3. What effect does increased mixing have upon workability? Upon the 
amount of mixing water necessary to produce a given consistency? 
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Data Recorp—Test No. 36 
Errect or TIME oF MrIxInG UPON THE COMPRESSIVE STRENGTH OF CONCRETE 
Proportions by volume, — 


Water-cement ratio, 
Batch: Cement, 


g. 
Sand, g. 
Pebbles, g. 
Water, g. 

Date cylinders made, ae 

Date cylinders broken, 


Time of mix Cylinder ee 
minutes numbers pounds per 
square inch 
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Cylinder 
number 
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Diameter 


Cylinder data 
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Compressive strengths 


Length 


Weight 


Total 
load, 
pounds 


Average 
total load, 
pounds 


Average 
unit load, 
pounds per 
square inch 
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TEST NO. 37 


EFFECT OF GRADATION OF THE AGGREGATE UPON THE 
WORKABILITY AND YIELD OF CONCRETE 


Object 


1. To study the effect of gradation of the aggregate upon the worka- 
bility and yield of the concrete. ; 


Apparatus 


Scales (100-kg. capacity) 

Pans for weighing materials 

Small concrete mixer 

Cylinder molds and plates (at least three molds and six plates for 
each batch of concrete) 

Standard tamping rod 
‘Slump cone (and flow table) 
’ Compression testing machine 

Large pan or wheelbarrow for mixed concrete 

Large trowel 


Method 


2. There are many problems which might be done under the title 
Effect of Gradation of the Aggregate upon the Workability and Yield of 
Concrete. Each individual or class must select for himself or themselves 
just what to do. The author has found the following problem very 
interesting for his classes. 

Select some water-cement ratio and keep it constant throughout the 
series of tests. Vary the gradation of the aggregate and the proportions 
to correspond to give concrete of nearly uniform consistency. Several 
of the batches suggested are not workable so that it is not possible to 
have them of the same consistency as the workable batches. 

tae The following gradations of aggregate are suggested: 

1. All sand. 

2. One part sand, 1 part coarse aggregate. = Z 

3. One part sand, 11% parts coarse aggregate. en Say 

4, One part sand, 2 parts coarse aggregate. “—S 

5. One part sand, 3 parts coarse aggregate. 3 

6. All coarse aggregate * 

. Y. One part sand, 2 parts coarse aggregate graded 34 in. to 144 in. 
8. Batch 7 readjusted in the amount of coarse aggregate to give a 
workable mix. 

The sand should be well-graded between 100-mesh sieve and the 14-in. 
sieve. The coarse aggregate for the first six batches should be well- 
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graded between 14 and 114 in. In the last 2 batches the coarse agere- 
gate should have the smaller sizes removed. Batch 7 will be unworkable 
because of an insufficient amount of mortar. In batch 8 the same 
amount of water, cement, and fine aggregate should be used but the 
amount of coarse aggregate reduced to give a workable concrete. 

Before making the concrete for this problem, it is desirable for each 
student to plat the sieve analysis curves for the aggregate to be used in 
each batch. The sheet with these curves can then be incorporated in 
the formal report. 

3. Quantities of Materials —The same amount of cement and water is 
to be used in each batch. The amount of aggregate is to be varied each 
time in order to give the desired consistency. Batches 5, 6, and 7 
probably will not be workable. These batches are included for the 
purpose of demonstrating what happens when such gradations are used. 

It is suggested that 6,000 g. of cement be used and that the water- 
cement ratio be 0.9. It will be impossible to estimate the exact amount 
of aggregate to use in each case. In order to facilitate the work, it 
will be found convenient to weigh out in some small pans both sand and 
coarse aggregate in amounts of 500, 1,000, 2,000 and 5,000 g. The 
mix can be quickly adjusted while the mixer is running to give the proper 
consistency of the concrete. 

4. Mixing.—Coat the inside of the mixer first with mortar. 

5. Batch 1.—Place the water and cement for the first batch in the 
mixer. Add sand from a weighed supply until the mix is of the desired 
consistency. Determine weight of sand used. Note the length of 
mixing time. It should not be less than 2 min. since that amount of 
time will be needed in some of the other batches. Empty all of the 
concrete out of the mixer. 

6. Batch 2.—Place in the mixer the water and cement for the second 
batch. Add aggregate until the mix is of the desired consistency. 
Equal parts by weight of sand and coarse aggregate should be added 
each time. The total weight of aggregate will be greater than in batch 
1. Determine the amount of aggregate used. Mix same length of 
time as for batch 1. 

7. Batch 3.—Place in the mixer the water and cement for the third 
batch. Add aggregate until the mix is of the desired consistency. 
The weight of coarse aggregate should be one and one-half times as 
much as the weight of sand each time. Determine weight of aggregate 
used. 

8. Batches 4 to 8.—Repeat same procedure for remainder of the 
batches. In batch 8 put into the mixer the same amount of water, 
cement and sand as in batch 7. Then add the same coarse aggregate 
until the concrete is of the desired consistency. Note the amount of 


aggregate used. 
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9. Consistency Tests—Make the desired consistency tests on each 
batch. If any of the batches are not of the desired consistency it might 
be well to repeat them. 

10. Molding, Capping, Curing, and Testing—Mold, cap, cure, and 
test as outlined in Test No. 31. 


—Tia 
( “Questions 

1. Which batch produced the most concrete?’ How does the amount of 
concrete produced compare with the batches in which the amount of coarse 
aggregate is one, one and one-half and two times as much as the fine aggre- 
gate? 

2. How does the workability of the various batches compare? 

3. How does the strength of the concrete in the various batches compare? 
Are the test results in accordance with the generally accepted ideas about 
concrete strength? 

4. Considering yield, workability, and strength, which ratio of coarse 
to fine would you choose for a reinforced concrete job? 

5. Figure quantities of materials per cubic yard of concrete for each batch. 
Use the unit weights of the materials as determined in test No. 11. Tabu- 
late computations and results. 
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Data REcorp—TeEst No. 37 


EFFECT OF GRADATION OF THE AGGREGATE UPON THE WORKABILITY AND 
YIELD OF CoNCRETE _ 


Water-cement ratio, = Wes 

Weight of cement used in each batch, 12 o g. 
Weight of water used in each batch, 36 é 2) AEE or 
Time of mix, a min 
Date cylinders made, / ZL Z CG if rs 


Date cylinders tested, lf A 


Weights, grams Slam, Volume of Strength, 


ann concrete pounds per 
Sand Pebbles ero produced square inch 
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Cylinder data 
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Compressive strengths 


Diameter 


Length 


Weight 


Total 
load, 
pounds 


Average 
total load, 
pounds 


Average 
unit load, 
pounds per 
square inch 
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TEST NO. 38 


DETERMINATION OF THE WEARING QUALITIES OF A GIVEN 
CONCRETE IN THE TALBOT-JONES RATTLER 


Object 


1. To determine the wearing qualities of a given concrete as measured 
in the Talbot-Jones rattler. 


Apparatus 
Scales (100-kg. capacity) 
Pans for weighing materials 
Small concrete mixer 
Cylinder molds and plates (two plates are necessary for each cylinder). 
Molds for wear blocks (10 blocks constitute a set) 
Standard tamping rod 
Slump cone (and flow table) 
Compression test machine 
Talbot-Jones rattler 
Large pan or wheelbarrow for mixed concrete 
Large trowel 


Fic. 1.—Wear test. Left, specimens in place and end of cylinder closed. Right, 
specimens in machine at end of test. 


Method 
2. The concrete to be tested is molded into 10 blocks, 8 by 8 by 5 in. 
These blocks are placed around the circumference of the drum of the 
Talbot-Jones rattler. A charge of 200 lb. of the spheres from the brick 
rattler is placed in the drum and run for 1,800 revolutions. This 
test has not been standardized in any way, so that the procedure given 
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is that which is generally followed in making the test. Make three 
cylinders in order to get the compression value for this concrete. 

3. Proportions—Since practically only pavement concrete is sub- 
jected to wear, it is suggested that the concrete for this problem be 
the same as that used in Probs. 33 and 34. 

4, Quantities of Materials—Determine the quantity of concrete 
necessary to fill the 10 molds and 3 cylinders. Determine the quantities 
of materials for each batch. 

5. Mizxing.—Mix all batches the same length of time. Coat the 
inside of the mixer first with mortar made of the same proportions 
as that which is in the concrete. 

6. Consistency Tests—Make a consistency determination on the 
concrete from one of the batches. 

7. Molding—Mold the cylinders in the standard manner. Fill the 
wear block forms in two increments rodding each increment 25 times 
with the standard rod. Smooth off the surface flush with the top of 
the form. 

8. Curing—The method of curing will affect the wearing value 
secured even though it may not effect the compressive strength. It 
is suggested that the blocks be covered with wet burlap as soon as 
finished. After 20 to 48 hours remove from the molds and cure as 
desired. | 


Fic. 2.—Some tested wear block specimens. 


9. Testing—Weigh blocks collectively unless any individual varia- 
tions are to be noted. Fit the blocks around the circumference of the 
drum of the Talbot-Jones rattler. Insert wedges between the blocks 
to hold them securely in place. Fasten the piece of heavy woven 
wire over the end of the cylinder. . 

The abrasive charge consists of the 10 large spheres and enough of 
the smaller ones from the brick rattler to make a total weight of 200 lb. 
Place charge in the cylinder through the opening in the woven wire. 
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Run for 1,800 revolutions at a speed of 30 to 33 r.p.m. Remove the 
blocks and weigh. 

10. Wear Value-——The wear value is expressed as the number of 
inches worn away during the test. It is equal to 


Initial weight — final weight 
Initial weight 


X initial depth of blocks 


11. Compression Test.—Test the cylinders in compression in same 
manner as given in Test No. 31. 


Questions 


1. What is the general relationship between strength and wear? 

2. The above relationship is based on tests made at what ages? Are 
compressive tests made at early ages, such as 3, 5, or 7 days indicative of the 
wearing qualities of the concrete? Why? 
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Data Recorp—Tzst No. 38 


DETERMINATION OF WEARING QUALITIES OF A GIVEN 
CoNCRETE IN THE TALBOT-JONES RATTLER 


Mix by volume, a, 


Water-cement ratio, 


Batch: Cement, g 
Sand, g. 
Pebbles, g 
Water, g 

Slump, in. 

Initial weight 10 blocks, g. 

Final weight 10 blocks, g. 

Loss, g. 

Wear value, in. 


Date specimens made, 


Date specimens tested, 


Crushing strength of cylinders, 1. 
2s 
3. 
Average 
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REPoRT 
CEMENT 


Brand 


Specific gravity, 25°C. 


Fineness, per cent retained 


Normal consistency, per cent 


Soundness 


Gillmore needles 


Time of setting, 


Vicat apparatus 


7 days 
Tension tests 


28 days 


7 days 


Compression tests 
28 days 


Comments: 
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REPORT 
Fint AGGREGATE 


Material 


Specific Gravity, 25°C. 


Weight, lb./cu. ft. 


Weight, g./cc. 


Voids, per cent 


Surface moisture, per cent 


Silt, loam, clay, etc., per cent 


Organic impurities test 


7 days 


8.0.8. 


Tension 28 days 


Tests : 
Test 7 days 


Sand 


28 days 


8.0.8. | 7 days 


Compression 28 days 


Tests 


7 days 


28 days 


Bulking see curve 


Sieve analysis per cents 
passing 


Fineness Molduus 
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REPORT 
Coarse AGGREGATE 


Material 


Specific gravity, 25°C. 


Weight, lb./cu. ft. 


Weight, g./cc. 


Voids, per cent 


Soundness 


Sieve analysis per 
cents passing 


Fineness Modulus 


Comments: 
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CONVERSION FAcTORS 


Relation between Temperatures Centigrade and Fahrenheit. 
Temperature degrees Fahrenheit = 95°C. + 32 


Temperature degrees Centigrade = re) 
English Metric Conversion Factors. 

453.6 grams = 1 pound 
2.205 pounds = 1 kilogram 
28.35 grams = 1 ounce 
0.03527 ounce = 1 gram 
25.4 millimeters = linch 
2.54 centimeters = 1 inch 


0.03937 in. 

0.3937 in. 

3.281 feet 

2.113 pints 

3.785 liters 

16.39 cubic centimeters 
28320 cubic centimeters 
0.610 cubie inch 
0.00003351 cubic foot 
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1 millimeter 

1 centimeter 

1 meter 

1 liter 

1 gallon 

1 cubic inch 

1 cubic foot 

1 cubic centimeter 
1 cubic centimeter 
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S. T. M. Stranparps anp TENTATIVE STANDARDS 


RELATING TO CONCRETE AND CONCRETE MATERIALS 


Serial 
Designation 


C9-26 
C29-27 


C30-22 
C31-27 


C39-27 
C40-27 


C41-27 
C24-24 
D2-26 
D3-18 
D30-18 


D55-25 


D75-22 


H4-27 
E11-26 
E12-27 


C9-16T 
C33-28T 
C58-26T 
C68-28T 


C69-28T 


Standards 


Standard Specifications and Tests for Portland Cement 

Standard Method of Test for Unit Weight of Aggregate for 
Concrete 

Standard Method of Test for Determination of Voids in Fine 
Aggregate for Concrete 

Standard Methods of Making and Storing Specimens of Con- 
crete in the Field 

Standard Methods of Making Compression Tests of Concrete 

Standard Method of Test for Organic Impurities in Sands for 
Concrete 

Standard Method of Test for Sieve Analysis of Aggregates for 
Concrete 

Standard Method of Securing Specimens of Hardened Con- 
crete from Structures 

Standard Method of Test for Abrasion of Rock 

Standard Method of Test for Toughness of Rock 

Standard Method of Test for Apparent Specific Gravity of 
Coarse Aggregates 

Standard Methods of Test for Apparent Specific Gravity of 
Sand, Stone and Slag Screenings, and Other Fine Non- 
bituminous Highway Materials 

Standard Methods of Sampling Stone, Slag, Gravel, Sand 
and Stone Block for Use as Highway Materials, Including 
Some Material Survey Methods 

Standard Methods of Verification of Testing Machines 

Standard Specifications for Sives for Testing Purposes 

Standard Definitions of Terms Relating to Specific Gravity 


Tentative Standards 


Tentative Specifications and- Tests for Compressive Strength 
of Portland Cement Mortars 
Tentative Specifications for Concrete Aggregates 
Tentative Definitions of the Terms Sand and Aggregate 
Tentative Method of Test for Field Determination of Approxi- 
mate Apparent Specific Gravity of Fine Aggregate 
Tentative Method of Test for Field Determination of Ap- 
proximate Percentage of Voids in Fine Aggregate 
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C70-28T 
D98-22T 

D136-22T 


D138-26T 
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Tentative Method of Test for Field Determination of Surface 


Moisture in Fine Aggregate 
Tentative Specifications for Calcium Chloride for Dust Pre- 


vention 
Tentative Method of Decantation Test for Sand and Other 


Fine Aggregates 
Tentative Method of Test for Consistency of Portland- 


cement Concrete 


INDEX 


A 


Abrams’ method of proportioning, 
87-92 
Absorption values, 55, 58 
Abrasion test, value, 57—59 
Admixtures, calcium chloride, 77-78 
diatomaceous silica, 78-80 
effect on workability, 162-163 
on waterproofing, 164 
hydrated lime, 70-76 
Age of concrete, relationship with 
strength, 168, 169, 171, 172, 
173, 311-314 
Ageing of portland cement, 28 
Aggregates (see also Fine and Coarse 
aggregate). 
definition, 16, 17 
effect on workability, 160-162 
inspection, 151-152 
measurement, 110-115, 204 
physical properties, 55, 56, 58 
production, 45-57 
sampling, 214, 216-221 
sieve analysis tests on, 286-289 
specific gravity tests on, 268-274 
specifications, 65-69, 189-192, 
201-203 
storage, 107-108, 192, 203, 204 
test for unit weight, 275-277 
transportation, 107 
value of tests on, 57-65 
Aluminate cement, 1, 21, 37-42 
Argillaceous materials, 21 
Art marbles, 132 
Aspdin, 4 
A.S. T. M. specifications for, aggre- 
gates, 65-69 
calcium chloride, 77-78 
cement, 31-34 


A. S. T. M. specifications for, com- 
pression tests of concrete, 
227-232 

consistency test of concrete, 239— 
240 

field specimens, 224-227 

hydrated lime, 72-76 


B 


Bagging cement, 29, 30 
Ball mill, 23, 28 
Basalt, 49, 58 
Basic water content, 95-96 
Bauxite, 37 
Beam test, 232-237, 315-318 
Belt conveyor, 127 
finish, 129, 138, 1389, 208-209 
Bituminous coatings for waterproof- 
ing, 165 
Blast-furnace slag, 17, 21, 51-52, 55, 
67 
Briquet, 260 
Bucket conveyor, 123 
Bulking of sand, 111-113 
correction for, 183-184 
test for, 277-279 
Bush hammer, 209 


C 


Cableway, overhead, 125, 127 
Calcareous materials, 21 
Calcium chloride, 77, 144, 199, 203 
A. S. T. M. specification, 77-78 
curing, 147-149, 211-212 
effect on early strengths, 174 
Capping cylinders, 225, 231, 303 
Cast stone, 13, 133 
Celite, 78 
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342 


Cement (see also Portland cement and 
Special cements). 
aluminate, 1, 21, 37-42 
effect on workability, 158-159 
on high early strengths, 167, 
169-170 
Fondu, 38 
history, 1-9 
inspection, 151 
measurement, 109-110 
paste, 17 
rock, 21, 22 
transportation, 106 
Cement-space ratio, 17, 95 
Central mixing plants, 123-125, 206 
Centrifugal mills, 24 
Characteristic curves, 97 P 
Chemical analyses, blast-furnace 
slag, 52 
Haydite aggregate, 53 
Lumnite cement, 39 
portland cement, 31 
Chuting, 125, 197 
Cinders, 17, 52 
Clay-and-silt test, 60, 201, 290-291 
Clinker, 26, 27, 43 
Coarse aggregate (see also Aggregate 
and Fine aggregate), 16, 45, 190, 
202, 271, 288, 293-294 
Combined concrete curb-and-gutter 
construction, 130 
Compression tests, for 
223-232 
for fine aggregate, 297-298 
method for cement, 265-267 
Compressive strengths of cement, 
33, 35, 40 
Concrete, bridges, 10 
buggies, 125 
curing (see Curing of concrete), 
144-149 
definitions, 1, 17 
distribution and placing, 121-129 
finishing, 129-140 
mixing, 115-120 
placing, 122-129, 196-197, 199,208 
products, 13 
protection, 140-144 
uses, 9-16 


concrete, 
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Consistency (see also Slump and 
Flow tests). 
of concrete, 100-102, 196, 205 
of hydrated lime, 74-75 
tests, 237-240 
Constancy of volume of hydrated 
lime, 74 
Crushed stone, 16, 48-51 
Crushing strengths of rock, 58, 59 
Cubic-foot box, 152 
Curing of concrete, 144-149, 211— 
212, 231, 304 
effect on waterproofing, 165 
on high early strengths, 167, 
172-174 
test for effect on compressive 
strength, 319, 322 
Curve, ideal, 85-86 
Cylinders, capping, 225, 231, 303 


D 


Decantation test, 290-291 

Decorative concrete, 13, 131-136 

Deleterious substances, 65, 66 

Density, 232 

Diatomaceous silica, 78-80 

Distribution of concrete, 122-129 

Dolomite, 58 

Dorry hardness test, 59 

Dry process in manufacture of 
cement, 22, 23 

Durability, 59, 68 

Dust in aggregates, 60, 107-108 


E 


Earth curing, 146-167, 211 

Early, work of, 131-133 

Edwards (and Youngs’) studies of 
proportioning, 92-94 

Elutriation test, 201 

Emley plasticimeter, 75 

Empirical proportioning, 83-84 

Estimating, 175-185 


F 


Field control, 150-157 

Fine aggregate, 16, 45, 65-66, 188- 
190, 201-202, 268-270, 272-274, 
280-285, 288, 290-293, 295-298 


INDEX 


Fineness, of cement, 32, 39, 44 
of hydrated lime, 73-74 
method of test, 246-248 
modulus, 17, 55, 56, 89 
value of test, 35 
Finishing concrete, 129-140, 208- 
210 
Flash set, 40 
Float finish, 129 
Flow test, 230, 238, 302 
Fountain of Time, 8 
Forms, 196, 197, 204 
Free lime in cement, 29 
Freezing of concrete, 142-144 
French coefficient, 57, 58 
Fuller’s formula, 180-181 
ideal curve, 85-86 
Fuller (and Thompson’s) studies of 
proportioning, 84-87 


G 


Gillmore needles, 32, 35, 256 
Gneiss, 58 
Gradation, 60-67, 160-161, 164-165, 
188-190, 201, 202, 326-330 
Granite, 49, 58 
screenings, 192 
Gravel, (see also Coarse aggregate 
and Pebbles), 190, 202 
sampling, 219-220 
Grinding, 23 
stone, 131 
Grout, 17 
Gunite, 18-19 
Gypsum, 21, 27 
’ Gyratory crushers, 23, 24 


H 


Hand finishing, 210 
mixing of concrete, 119, 195 

Hassam concrete, 18 

Hardness, 58, 59 

Haydite, 538-57 

High early strength cements, 37-43, 

170-172 

concrete, 166-174 

Hydrated lime, 70-76, 188, 193-194, 
199 
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I 


Illinois Division of Highways, 113 
specifications, 201-212 
Inspection, 150 
of calcium chloride, 78 
of cement, 33 
of construction, 152-156 
of hydrated lime, 76 
Ideal curve for gradation, 85-86 
Igneous rocks, 49 
Inundation, 113, 153, 378 
Inundator, 112, 113, 194 


3) 


Jackson specific gravity apparatus, 
268-269 

Johnson measuring hopper, 112 

Joints, 210-211 


K 
Kilns, 8, 25, 26, 53, 71 
1; 


Le Chatelier flask, 244 

Line (see Hydrated or Quicklime). 

Limestone, 21, 25, 49, 50, 58, 71 

Longitudinal center joint, 206-207 
bars, 207 

Lumnite cement, 39, 42 


M 


Marble, 50, 58 
Marking of cement, 32 
hydrated lime, 76 
Marl, 21, 22 
Maximum size of aggregate, 64 
Measurement of, aggregates, 110— 
115, 204 
cement, 109-110 
materials, 108-115 
water, 110 
Metamorphic rocks, 50 
Mixes (see Proportions). 
Mixers, 116-117, 120, 206 
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Mixing, 115-120, 123-125, 195, 205- 
208, 230 
different brands of cement, 201 
effect on workability, 162 
Moist closet, 252 
Molding cylinders, 225, 231, 302, 303 
Molds, 224, 226, 227, 230, 260, 265, 
303 
Mortar, 17, 66, 189-190, 202 
Mortar-voids test, 299-300 
Multiple wall-paper bags, 29 


N 


Natural cement, 2, 4 
Normal consistency, 39, 248-251 


O 


Organic impurities test, 66, 190, 292- 
293 

Ornamental finishes, 131-136 

Overhead cableway, 125-127 


PB 


Packing of cement, 32 
calcium chloride, 78 
hydrated lime, 76 
Painted decorations on concrete, 
135-136 
Pebbles (see also Coarse aggregate 
and Gravel), 16, 45-48 
Placing concrete, 122-129, 196-197, 
208 
in cold weather, 197-199 
under water, 127-129, 197 
Ponding, 146-147, 211 
Plasticity of hydrated lime, 73, 75- 
76 
Portland cement, A. S. T. M. 
specifications, 31-34 
chemical composition, 31, 32 
definition, 16, 21, 31 
introduction in United States, 6 
manufacture, 21-31 
origin of name, 4 
production, 10 
sampling, 215-216 
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Portland cement, specifications, 
“Wacker Drive, 188 
Tllinois Division of Highways, 
201 
tests on, 243-267 
Portland Cement Association, 9, 10, 
87 
Proportions, for various classes of 
work, 84 
by weight, 182-183 
for Wacker Drive, 193, 198 
for Illinois highways, 204-205 
Proportioning, 82-103, 229 
empirical, 83-84 
Fuller’s ideal curve, 84-87 
Abrams’ fineness modulus, 87-92 
Edwards’ surface area, 92-94 
Talbot’s mortar voids, 94-98 
trial method, 99-102 
Protection of concrete from cold, 
142-144 
drying, 200, 211 
heat and wind, 140-141 
rain, 141-142 


Q 


Quartering, 214 

Quicklime, 71 

Quick hardening cements (see High 
early strength cements). 


R 


Reinforced concrete, 10 
Rejection of calcium chloride, 78 
cement, 33 
hydrated lime, 76 
Reports, 152, 232, 335-337 
Retempering, 121-122, 196, 206 
Richart (and Talbot’s) studies of 
proportioning, 94-98 
Rock, crushing strengths of, 58, 59 
Rollers, 137, 138, 209 
Roman cement, 2 


Rubbed finish, 199 


S 


Sample splitter, 213 
Sampling, 213-221, 228 
of aggregates, 216-221 


INDEX 


Sampling, of cement, 213-216 
of concrete, 225 
of hydrated lime, 76 
Sand (see also Fine aggregate), 16, 
45-48, 219-220, 277-279 
Sandstone, 49, 58 
Sealing, 139-141 
Sedimentary rocks, 49 
Segregation, 130 
Shale, 21, 25 
Shovel finish, 129 
Shrinkage cracks, 140 
Sieve analysis, 55, 56, 61, 188, 190, 
202, 286-289 
Silica, diatomaceous, 78-80 
Silt-and-clay content test, 60, 201, 
290-291 
Size of batch, 108-109 
Slag (see Blast-furnace slag). 
Slater formula, 167 
Slump cone, 239 
test, 17, 153, 205, 230, 238-240, 
302 
Slurry, 25 
Soundness of cement, 32, 40, 252- 
255 
of hydrated lime, 73-74 
of rock, 59, 298-294 
value of test 
cement, 34 
rock, 59-60 
South Water Street Improvement, 
188-200 
Spaded finish, 199 
Spading, 129 
Spalling, 60 
Specific gravity of aggregate, 55, 
176, 268-274 
of aluminate cement, 39 
of portland cement, 243-245 
of white portland cement, 243-245 
Specifications, A. 8. T. M., 186-187 
for aggregates, 65-69 
for calcium chloride, 77-78 
for cement, 31-34 
for hydrated lime, 72-76 
for Illinois highways, 201-212 
for Wacker Drive, 188-200 
Sprinkling, 146-147 
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Standard Ottawa sand, 32, 55, 259 
Stock piles of aggregate, 107-108, 
203-204 
Stone, sampling, 216-218 
Storage, bins, 108 
of aggregate, 107-108, 203-204 
of cement, 33, 104-105, 107, 201 
of materials, 192 
of test specimens, 227 
Straight edge, 138, 139, 141, 208 
Stucco, 16, 44, 133-135 
Surface area method of proportion- 
ing, 92-94 
Surface moisture, 284-285 
Super cement, 43 


av 


Talbot Jones Rattler, 331 
Talbot (and Richart’s) studies of 
proportioning, 94-98 
Tamping machines, 136-137 
Temperature, 40, 172-173, 222, 228 
Tension tests, of cement, 32, 35, 40, 
259-264 
of fine aggregate, 295-296 
Terrazzo, 133 
Test specimens, 156, 223, 224, 229 
Tests (see particular test desired), 
on aggregates, 268-333 
on cement, 243-267 
on concrete, 301-334 
Testing, 222-240, 304 
Thompson (and Fuller’s) studies of 
proportioning, 84-87 
Time limit between mixing and 
placing of concrete, 121-122, 
206 
of mixing, 118, 206, 323-825 
of setting, 32, 34, 40, 121, 255-258 
Timing device, 118, 205 
Toughness of rock, 58, 59 
Transportation of materials, 
106-107, 201 
Tremie pipe, 128 
Trial method of proportioning, 99- 
102 
Trowel finish, 129 
Trucks, 123-124 
Tube mill, 23 
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U Water glass curing, 149 
Water-cement ratio, 17, 83, 88, 
Underwater concreting, 127-129 100-102, 167-169 
Unit weight of aggregate, 275-277 Wear test, 58, 202, 331-334 
Unscreened material, 203 Wearing surface, 199 
Weighing of aggregates, 114 
Mt Weights of sand, 55 
of rock, 58 


Vibrolithic concrete, 18 
Vicat apparatus, 32, 35, 249 
Voids, 55, 175-180, 280-283 


Wet mix, 124 
process, 22, 23 
Wheelbarrows, 125 
WwW White portland cement, 44 
Workability, 64, 158-164, 230 
Wacker Drive Specifications, 188— 
200 ¥ 
Water, mixing, 70, 101-102, 110, 
159-160, 165, 192, 203, 301-310 Yield, 232 
Waterproofing cements, 43-44, 164 Young (and Edward’s) studies of 
of concrete, 145, 164-165 proportioning, 92—94 
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